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(57) Abstract 

The invention concerns a polymerisation 
method for block polymers of general formula 
(lA) or (IB) which consists in contacting: an 
ethylenically unsaturated monomer of formula: 
CYY' (=CW-CW')a - CH2, a precursor com- 
pound of general formula (DA) or (IIB). a radical 
polymerisation initiator. 

(57) Abr^^ 

L* invention conceme un proc6d6 de 
polymerisation de polym6res ^ blocs de formule 
g^ndrale (lA) ou (IB), proc6d6 dans lequel on 
met en contact: un monomfere 6thyl6ntquement 
insatui^ de formule: CYY' (- CW - CW')a 
- CH2; un compost pr&:urseur de formule 
genfirale (IIA) ou (IIB); un initiateur de 
polym6risation radicalaire. 
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PROCEDE DE SYNTHESE DE POLYMERES A BLOCS 
PAR POLYMERISATION RADICALAIRE CONTROLEE 
A PARTIR DE COMPOSES DITHIOCARBAMATES 

5 La presente invention concerne un nouveau precede de polymerisation radicalaire 

donnant acces a des copolymeres a blocs. 

Les copolymeres a blocs sont habituellement prepares par polymerisation ionique. 
Ce type de polymerisation presente plusieurs inconvenients : 
10 - elle ne permet la polymerisation que de certains types de monomeres apolaires, 

notamment le styr§ne et le butadiene, 

- elle requiert un milieu reactionnel particulierement pur et des temperatures 
souvent inferieures S I'ambiante de maniere a minimiser les reactions parasites. 

Les contraintes de mise en oeuvre sont done severes. 

15 

La polymerisation radicalaire presente I'avantage d'etre mise en oeuvre facilement 
sans que des conditions de purete excessives soient respectees et a des temperatures 
egales ou superieures a I'ambiante. Au cours de cette polymerisation, les macroradicaux, 
dotes d'un temps de vie tres faible, se recombinent de fafon irreversible par couplage ou 

20 dismutation. Lorsque la polymerisation se deroule en presence de plusieurs 
comonom6res, la variation de composition du melange est infiniment faible devant le 
temps de vie du macroradical de sorte que les chaines presentent un enchainement des 
unites monomeres statistique et non un enchainement sequence. 

Par consequent, jusqu'a recemment il n*existait pas de proced6 de polymerisation 

25 radicalaire permettant d'obtenir des polymeres a blocs. 

Depuis, un nouveau procede de polymerisation radicalaire s'est developpe : il s'agit 
de la polymerisation radicalaire dite "controlee" ou 'Vivante". Cette polymerisation 
radicalaire controlee procede par croissance par propapagation de macroradicaux. 
30 Plusieurs techniques de polymerisation radicalaire controlee sont a present 

connues, dans lesquelles les extremites de chaines de polymeres peuvent etre 
reactivees sous forme de radical par scission homolytique de liaison (par exemple C-0, 
ou C-Halogene). 

35 La polymerisation radicalaire controlee presente done les aspects distinctifs 

suivants : 

1. le nombre de chaines est fixe pendant toute la duree de la reaction. 

2. les chaines croissent toutes a la meme Vitesse, ce qui se traduit par : 
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• une augmentation lineaire des masses moleculaires avec la conversion, 

• une distribution des masses resserree, 

3. la masse molSculaire moyenne est contrdl§e par le rapport molaire monomere / 
pr^ourseur de chatne, 
5 4. la possibilite de preparer des copolymeres a blocs, 

Le caractere controle est d'autant plus marque que la vitesse de consommation du 
precurseur de chaine est tres grande devant la vitesse de croissance des chaines 
(propagation). II existe des cas oCi ce n'est pas toujours vrai et les conditions 1 et 2 ne 
sont pas observees, neanmoins. il est toujours possible de preparer des copolymeres a 
10 blocs. 

Plusieurs approclies ont et6 decrites pour contrdler la polymerisation radicalaire. La 
plus couramment cit§e consiste d introduire dans le milieu des contre-radicaux qui se 
combinent de fagon reversible avec les macroradicaux en croissance, comme par 
15 exemple les radicaux nitroxyles (Georges et al., Macromolecules, 26, 2987,(1993)). 
Cette technique est caractdrisee par des temperature elevees pour labiliser la liaison C- 
O. 

Une autre methode appelee Atom Transfer Radical Polymerization fait appel a des 
sels de metaux de transition associes a des ligands organiques et un amorgeur constitue 

20 generalement d'un halogenure organique ; le controle de la polymerisation est rendu 
possible par i'activation reversible de la liaison C-Halogene (Matyjaszewski K., PCT WO 
96/30421), Un inconvenient de cette polymerisation est qu'elle necessite une quantite 
stoechiom^trique de metal par chaine precurseur 

Otsu (Otsu a/., MakromoL Ctjem. Rapid Comm., 3, 127-1 32,(1 982), Otsu ef at. 

25 ibid, 3,123-140.(1982), Otsu et al.. Polymer BulL 7,45,(1984). Ibid, 11.135,(1984), Otsu 
e* a/, JMacromol ScL Chem,, A21, 961 ,(1984). Otsu et ai, Macromolecules, 
19,2087,(1989)), a montrS que certains sulfures organiques. particuli^rement les 
dithiocarbamates, permettaient sous irradiation UV de faire croTtre des chaTnes de fagon 
controlee, selon le principe : 

30 




-11 
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3 




Reaction 1 



Le principe repose sur la photolyse de la liaison C-S qui r§gen6re le macroradical 
5 carbone, d'une part, et le radical dithiocarbamyl, d'autre part. Le caractere contrdle de la 
reaction est du a la reversibilite de la liaison C-S sous irriadiation UV. II est ainsi possible 
d'obtenir des copolymeres ^ blocs. En revanche la vitesse d'echange en especes 
propageantes et especes "dormantes" de la reaction 1 ci-dessus n'est pas tres grande 
par rapport a la vitesse de propagation ce qui a pour consequence de generer des 
10 distributions en masses moleculaires relativement larges. Ainsi, Tindice de polydispersite 
(Ip = Mw/Mn) est compris entre 2 et 5 (Otsu et ai, 25,7/8,643-650.(1989)). 

Les disulfures de xanthates et de dithiocarbannates sont eux-m§mes bien connus 
comme agents de transferts en polymerisation radicalaire conventionnelle en rnode 

15 thermique et en presence d'amorgeur, mais aucun n'a perniis a ce jour de controler la 
polymerisation, encore moins de produire des copolymeres d blocs. 

Jusqu'a present il etait connu que les disulfures (tetra-alkylthiurame disulfure. di- 
isopropylxanthate disulfure, mercaptobenzothiazole disulfure) etaient activables 
thermiquement ou sous irradiation UV. alors que les monosulfures (dithiocarbamates, 

20 xanthates substitues) etaient activables uniquement sous irradiation UV (Roha et ai, 
Macromoi Symp,, 91, 81-92, (1995), Okawara et al., Bull, of the Tokyo Inst, of Techn., n** 
78, 1966). 

La polymerisation radicalaire controlee faisant appel a une source d'irradiation UV 
est cependant tres difficile a mettre en oeuvre, particulierement d'un point de vue 
25 industriel, car la p6n6tration des photons UV dans le milieu de polymerisation est limitee, 
tant par des ph6nomenes d*absorption (la plupart des monomeres 6thyleniques 
absorbent dans la plage 210-280 nm). que par les ph6nomenes de diffusion dans les 
milieux disperses (suspension, emulsion). 

D'autre part, il a ete montre (Turner et ai, Macromolecules, ,23.1856-1859. 
30 (1990)) que la photopolymerisation en presence de dithiocarbamate genere du disulfure 
de carbone et peut s'accompagner d'une perte de controle de la polymerisation. 
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Pour ces raisons, on cherche done ^ developper une technique permettant 
d'acceder a des copolymeres a blocs par un procede sans irradiation UV, de preference 
par amorgage thermique. Or, a ce jour, aucun systeme de polymerisation radicalaire 
contrdle n'a pu etre mis en Evidence avec des composes dithiocarbamates en I'absence 
5 de source UV. 

Le document WO 98/01478 decrit un procede de preparation de polymeres a blocs 
par polymerisation radicalaire controlee. Selon ce document, un tel procede ne peut etre 
mis en oeuvre a I'aide de composes, dits agents de transferts de chaine, choisis parmi 
les dithiocarbamates, de formule generate : 

10 

S 

W 

0 - S - R' 

/ 

R2N 



La polymerisation radicalaire controlee presente un avantage sur la polymerisation 
radicalaire conventionnelle lorsqu'il s'agit de preparer des chaines de bas poids 

15 moleculaires et fonctionnalisees (telomeres reactifs). De tels polymeres sont recherches 
pour des applications specifiques telles que, par exemple, revetements et adhesifs. 

AinsI, lorsque Ton cherche a synthetiser des chaines greff§es avec en moyenne 2 
comonomeres fonctionnels, la fraction de chaines avec au plus un site fonctionnel 
devient importante quand le degre de polymerisation moyen est inf§rieur a une valeur 

20 seuil (e.g. 20 ou 30). La polymerisation radicalaire controlee permet, eile, de reduire, 
voire inhiber, la formation de ces oligomSres a zero ou un site fonctionnel qui dSgradent 
les performances en application. 



Un but de la presente invention est de proposer un nouveau procede de 
25 polymerisation radicalaire controlee pour la synthese de polymeres a blocs a partir de 
dithiocarbamates. 

Un autre but de la presente invention est de proposer un nouveau procede de 
polymerisation radicalaire controlee pour la synthese de polymeres ci blocs a partir de 
dithiocarbamates en Tabsence de source UV. 
30 Un autre but est de proposer un proced6 de polymerisation radicalaire contrdlde 

pour la synthese de polymeres a blocs a partir de tous types de monom^res. 

Un autre but est de proposer un procede de polymerisation radicalaire controlee 
pour la synthese de polymeres a blocs ne contenant pas d'impuretes metalliques 
nefastes a leur utilisation. 
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Un autre but est de proposer un proc6cl6 de polymerisation radicalaire controlee 
pour la synthese de copolymeres a blocs. lesdits polymeres etant fonctionnalises en 
bout de chatne. 

Un autre but est de proposer un procede de polymerisation radicalaire controlee 
pour la synthase de polymeres et de copolym6res a blocs presentant un indice de 
polydispersitS faible. 

Un autre but est de proposer un proced§ de polymerisation radicalaire contr6l6e 
pour la synthase d'oligomdres pr6sentant un taux de fonctions constant de chaine t 
chame. 

Dans ces buts. Tinvention concerne un procede de preparation de polymdres k 
blocs de formule generale (lA) ou (IB) : 



15 



C-S- 



R3r2n 



I 

C - (CW : 



cs- 



m 



Y 
I 

C - (CW= CW')a - CHg 



C-(CV=CV')b-CH2^R^ (lA) 
X' 



C - (CV= CV\ - CHp-j— Ri (IB) 
I 

X' 



m 



dans lesquelles : 
- R** represente : 

20 • un groupe (i) alkyle, acyle, aryle. alc6ne ou alcyne 6ventuellement substitue, ou 

• un cycle (ii) carbone, sature ou non, eventuellement substitu6 ou aromatique. ou 

• un heterocycle (iii), sature ou non, eventuellement substitu6 ou aromatique, 

ces groupes et cycles (i), (ii) et (iii) pouvant etre substitues par des groupes 
phdnyles substitues, des groupes aromatiques substltu6s ou des groupes : 

25 alkoxycarbonyle ou aryloxycarbonyle (-COOR). carboxy (-COOH). acyioxy (- 

O2CR), carbamoyle (-CONRg). cyano (-CN). alkylcarbonyle, alkylarylcarbonyle. 
arylcarbonyle, arylalkylcarbonyle. phtalimido, maleimido, succinimido, amidino. 
guanidimo, hydroxy (-0H). amino (-NRg). halogdne, allyle. epoxy, alkoxy (-OR), S- 
alkyle, S-aryle, organosilyle. des groupes presentant un caract6re hydrophile ou 

30 ionique tels que les sels alcalins d'acides carboxyliques, les sels alcalins d'acide 
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sulfonique, les chaines polyoxyde d'alkylene (POE, POP), ies substituants 
cationiques (sets d'ammonium quaternaires), 
R representant un groupe alkyie ou aryle. 

5 ■ Z est un cycle eventuellement substitue comprenant un atome d'azote par lequel Z est 
lie au groupe C(=S)-S- de la formule (lA), les autres atomes dudit cycle induisant un 
effet de delocalisation ou electro-attracteur vis-a-vis de la densit6 6lectronique de 
I'atome d'azote, 

10 - R2 et R3. identiques ou differents. repr6sentent : 

• un groupe (i) alkyle, acyle, aryle, alcene ou alcyne Eventuellement substltuE, ou 

• un cycle (ii) carbon^, saturE ou non. Eventuellement substituE ou aromatique. ou 

• un heterocycle (iii), satur6 ou non. eventuellement substitu6, 

ces groupes et cycles (i), (ii) et (iii) pouvant etre substitues par : 
15 . des groupes ph6nyles substitues ou des groupes aromatiques substitues, 

. des groupes : alkoxycarbonyle ou aryloxycarbonyle (-COOR), carboxy (-COOH), 
acyloxy (-O2CR), carbamoyle (-CONR2). cyano (-CN), alkylcarbonyle. 
alkylarylcarbonyle, arylcarbonyle, arylalkylcarbonyle, phtalimido, maleimido, 
succinimido, amidino, guanidimo, hydroxy (-0H), amino (-NR2), halogene, allyle. 
20 epoxy, aikoxy (-OR), S-alkyle, S-aryle. 

. des groupes presentant un caractEre hydrophile ou ionique teis que les sels 
alcalins d'acldes carboxyliques. les sels alcalins d'acide sulfonlque, les chaines 
polyoxyde d'alkylene (POE, POP), les substituants cationiques (sels d'ammonium 
quaternaires). 
25 R repr6sentant un groupe alkyle ou aryle, 

et, pour au moins ou R^, ces groupes et cycles (i). (ii) et (iii) induisent un effet 
de delocalisation ou electro-attracteur vis-^-vis de la densite electronique de Tatome 
d'azote auquel R^ et R^ sont lies, 

30 - V, V, W et W, identiques ou differents, repr6sentent : H, un groupe alkyle ou un 
halogene, 

- X, X', Y et Y\ identiques ou differents. representent H, un halogene ou un groupe 
choisi parmi R', OR', OCOR'. NHCOH, OH, NHg, NHR', N(R')2. (R')2N+0-. NHCOR'. 
35 CO2H. C02R\ CN. CONH2, CONHR' ou CONR'2, dans lesquels R' est choisi parmi les 
groupes alkyle. aryle. aralkyle. alkaryle, alcene ou organosilyle. eventuellement 
perfluores et eventuellement substituEs par un ou plusieurs groupes carboxyle. Epoxy, 
hydroxyle, aikoxy, amino, halogene ou sulfonique, 
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- a et b, identiques ou differents. valent 0 ou 1 , 



- m et n, identiques ou differents, sont superieurs ou egaux a 1, et lorsque Tun ou I'autre 
5 est superieur a 1, les motifs unitalres repetitifs sont identiques ou differents, 



precede dans lequel on met en contact : 



10 



- un monomfere ethyleniquement insature de formule : CYY' (= CW - CW)a = CH2. 

- un compose precurseur de formule generate (MA) ou (IIB) : 



/ 



C-S 



■C"(CV=CV)^-CH2-^R1 
X' 

n 



(IIA) 



R3R2n 



X 

I 



X' 



(IIB) 



15 



dans laquelle Z. X, X\ v; V, R2 et ont la meme signification, et. b et n la 
m§me valeur, que prec6demment, 



- un initiateur de polymerisation radicalaire. 

20 

Le procede selon rinvention consiste done a mettre en contact un initiateur de 
polymerisation radicalaire. un monomere ethyl§niquement insature et un precurseur de 
formule generate (IIA) ou (IIB). 

25 L'initiateur de polymerisation radicalaire peut etre choisi parmi les initiateurs 

classiquement utilises en polymerisation radicalaire. II peut s'agir par exemple d'un des 
initiateurs suivants : 

- tes peroxydes d'hydrog^ne te\^ que : I'hydroperoxyde de butyle tertiaire, 
I'hydroperoxyde de cumene, te t-butyl-peroxyacetate, te t-butylperoxybenzoate, \e t- 

30 butylperoxyoctoate, le t-butylperoxyneodecanoate, le t-butylperoxyisobutyrate, le 
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peroxyde de lauroyle, le t-amylperoxypivalate, le t-butylperoxypivalate, le peroxyde de 
dicumyl, le peroxyde de benzoyle, le persulfate de potassium, le persulfate d'ammonlum. 

- les composes azoiques tels que : le 2-Z-azobis(isobutyronitrile), le 2,2'-azobis(2- 
butanenitrile), le 4,4'-azobis(4-acide pentanoTque), le 1,r-azobis(cyclohexane- 

5 carbonitrile). le 2-(t-butylazo)-2-cyanopropane. le 2,2'-azob!s[2-methyl-N-(1,1)- 
bis(hydroxymethyl)-2-hydroxyethyl] propionamide. le 2.2'-azobis(2-methyl-N- 
hydroxyethyll-propionamide, le dichlorure de 2,2'-azobis(N.N- 
dimethyleneisobutyramidlne), le dichlorure de 2,2'-azobis (2-amidinopropane). le 2,2- 
azobis (N.N'-dimethyleneisobutyramide). le 2.2'-azobis(2-methyl-N-[1,1-bis 
10 (hydroxymethyl)-2-hydroxyethyl] propionamide), le 2,2'-azobis(2-methyl-N-[1 ,1-bis 
(hydroxymethyl)ethyl] propionamide), le 2,2-azobis[2-methyl-N-(2-hydroxy6thyl) 
propionamide], le 2,2'-azobis{isobutyramide) dihydrate, 

- les systemes redox comportant des combinaisons telles que : 

. les melanges de peroxyde d'hydrogene. d'alkyle, peresters, percarbonates et 
15 similaires et de n'importe lequel des sels de fer, de sels titaneux, formaldehyde 
sulfoxylate de zinc ou formaldehyde sulfoxylate de sodium, et des sucres reducteurs, 

. les persulfates, perborates ou perchlorates de metaux alcalins ou d'ammonium en 
association avec un bisulfite de metal alcalin, tel que le metabisulfite de sodium, et des 
sucres r6ducteurs, 

20 . les persulfates de metal alcalin en association avec un acide arylphosphinique, tel 

que I'acide benzene phosphonique et autres similaires, et des sucres reducteurs. 

De preference, la quantite d'initiateur a utiliser est detemilnee de maniere a ce que 
la quantite de radicaux generes soit d'au plus 25 % en mole par rapport a la quantite de 
compost (IIA) ou (IIB), encore plus pref6rentiellement d'au plus 15 % en mole. 

25 

Comme monomere ethyl6niquement insature, on utilise plus sp^cifiquement 
selon I'invention les monomeres choisis parmi le styrene ou ses derives, le butadiene, le 
chloroprene, les esters (meth)acryliques, les esters vinyliques et les nitriles vinyliques. 

Le butadiene et le chloroprene correspondent au cas ou a et b = 1 dans les 
30 formules (lA), (IB). (IIA) ou (IIB) et la formule du monomere precedemment donnee. 

Par esters (meth)acryliques, on designe les esters de I'acide acrylique et de I'acide 
methacrylique avec les alcools en CyC^2 hydrogen6s ou fluores, de preference en C^- 
Cg. Parmi les composes de ce type, on peut citer : I'acrylate de methyle, Tacrylate 
d'ethyle, I'acrylate de propyle, I'acrylate de n-butyle, Tacrylate rfisobutyle, I'acrylate de 2- 
35 6thylhexyle, Tacrylate de t-butyle, le methacrylate de methyle, le m^thacrylate d'ethyle, le 
methacrylate de n-butyle. le m§thacrylate d'isobutyle. 

Les nitriles vinyliques incluent plus particuiierement ceux ayant de 3 a 12 atomes 
de carbone, comme eh partlculier racrylonitrile et le m^thacrylonitrile. 
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II est a noter que le styrene peut etre remplace en totalite ou en partie par des 
derives tels que ralphamethylstyrene ou le vinyltoluene, 

Les autres monomeres ethyleniquement insatures, utilisables seuls ou en 
melanges, ou copolymerisables avec les monomeres ci-dessus sont notamment : 
5 - les esters vinyliques d'acide carboxylique comme I'acetate de vinyle, le 

Versatate® de vinyle, le propionate de vinyle, 

- les halogenures de vinyle. 

- les acides mono- et di- carboxyliques insatures ethyleniques comme Tacide 
acrylique, I'acide methacrylique, Tacide itaconique, I'acide maleique, I'acide fumarlque et 

10 les mono-alkylesters des acides dicarboxyliques du type cite avec les alcanols ayant de 
preference 1 a 4 atomes de carbone et leurs derives N-substitues, 

- les amides des acides carboxyliques insatures comme I'acrylamide, le 
m§thacrylamide. le N-m6thylolacrylamide ou methacrylamide, les N-alkylacrylamides. 

- les monomferes 6thyl6niques comportant un groupe acide sulfonique et ses sels 
15 alcalins ou d'ammonium par exemple I'acide vinylsulfonique, I'acide vinylbenzene 

sulfonique, I'acide a-acrylamidomethylpropanesulfonique, le 2-sulfoethylenemethacrylate, 

- les amides de la vinylamine, notamment le vinylformamide ou le vinylacetamide, 

- les monomeres ethyleniques insatures comportant un groupe amino secondaire, 
tertiaire ou quaternaire, ou un groupe heterocyclique contenant de I'azote tel que par 

20 exemple les vinylpyridines, le vinylimidazole. les (meth)acrylates d'aminoalkyle et les 
(m§th)acrylamides d'aminoalkyle comme le dlm6thylaminoethyl(meth)acrylate. le 
ditertiobutylaminoethyl{meth)acrylate, le dimethylamino(meth)acrylamide. II est de meme 
possible d'utiliser des monomeres zwitterioniques comme par exemple Tacrylate de 
sulfopropyl(dimethyl)aminopropyle. 

25 Pour la preparation des copolymeres de formule (lA) ou (IB) pour lesquels Y = H et 

Y' = NH2, on utilise de preference a titre de monomeres ethyleniquement insatures les 
amides de la vinylamine, par exemple le vinylfomnamide ou le vinylacetamide. Puis le 
copolymere obtenu est hydrolyse a pH acide ou basique. 

Pour la preparation des copolymeres de formule (lA) ou (IB) pour lesquels Y = H et 

30 Y' = OH, on utilise de preference d titre de monomeres ethyleniquement insatures les 
esters vinyliques d'acide carboxylique, comme par exemple I'acetate de vinyle. Puis le 
copolymere obtenu est hydrolyse a pH acide ou basique. 

Les types et quantites de monomeres copolymerisables mis en oeuvre selon la 
presente invention varient en fonction de I'application finale particulidre d laquelle est 

35 destine le polymere a blocs. Ces variations sont bien connues et peuvent etre facilement 
determinees par I'homme du metier. 
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Pour que le polymere de formule generate (lA) ou (IB) soit un polymere a blocs. \e 
compost "precurseur** de formule generale (IIA) ou (IIB) doit §tre un polymere. 
Done, n est sup6rieur ou egal a 1, de preference superieur S 5. Les unites monomeres 
de ce polymere peuvent etre identiques ou diff6rentes. 
5 La caracteristique essentielle de I'invention tient a la nature de ce precurseur de 

formule generale (IIA) ou (IIB). Ce precurseur (IIA) ou (IIB) fait partie de la famllle des 
dithiocarba mates dont la fonction est : 

S 

c-s 

N 

10 

Dans le cas des copolymferes de la formule (lA) ou des polymeres prfecurseurs de 
formule (IIA), Tatome d*azote de la fonction dithiocarbamate doit faire partie d'un cycle et 
les autres atomes dudit cycle doivent presenter un effet 6tectro-attracteur sur le doublet 
de Tazote de la fonction dithiocarbamate. 
15 Ce cycle Z comprenant Tazote de la fonction dithiocarbamate peut etre de 

differentes natures du moment qu'il existe un effet electro-attracteur sur le doublet de 
Tazote, 

Compte-tenu du proced6, les polymeres multi-bloc de formule (lA) presentent les 
memes caracteristiques pour ce qui concerne le cycle Z. 
20 Dans les composes de formule (lA) et (IIA). le cycle Z est un cycle a base d'atomes 

de carbone. 

Ce cycle carbone peut comprendre au moins un autre h6tSroatome que Fazote qui 

lie le cycle d -C(=S)-S- ; cet heteroatome peut §tre choisi parmi O, S, N et/ou P. II s'agit 

de preference de O ou N. 
25 Le cycle Z peut §tre un cycle aromatique ou het^roaromatique. 

Le cycle Z peut §tre fonctionnalisS et comprendre au moins un des groupes 

fonctionnels suivants : carbonyle (C=0), SO2, POR", R" representant un groupe alkyl. 

aryl. OR, SR. NR2 avec R representant un groupe alkyle ou aryle, identiques ou 

differents. De preference, le groupe fonctionnalise est carbonyle. 
30 II est egaiement preferable que le groupe fonctionnalise soit directement lie a 

Tazote de la fonction dithiocarbamate. 

Le cycle Z peut etre substitue par au moins Tun des groupes suivants : alkyle, 

aryle. alkoxycarbonyle ou aryloxycarbonyle (-COOR), carboxy (-COOH), acyloxy (- 

O2CR), carbamoyle (-CONR2). cyano (-CN). alkylcarbonyle, alkylarylcarbonyle. 
35 arylcarbonyle, arylalkylcarbonyle, phtalimido, male'imido, succinimido. amidino, 

guanidimo. hydroxy (-OH). amino {-NR2), halog^ne, allyle. epoxy, alkoxy (-OR), S-alkyle, 
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S-aryle. des groupes presentant un caractere hydrophile ou ionique tels que les sels 
alcalins d'acides carboxyliques ou les sels alcalins d'acide sulfonique, les chaines 
polyoxyde d'alkylene (POE, POP), les substituants cationiques (sels tfammonium 
quaternaires), R representant un groupe alkyle ou aryle. 
5 Le cycle Z peut egalement etre substitue par au moins un cycle carbone ou un 

h§t6rocycle, eventuellement aromatique et/ou substitue par Tun des groupes 
precedents. Dans ce dernier cas, et selon une variante preferee, le cycle Z at son 
substituant cyclique ont deux atomes communs. 

Le cycle Z est de preference choisi parmi I'un des cycles suivants : 

10 



15 




O 




20 

De meme, dans le cas des copolymeres de la formule (IB) ou des polymdres 
pr6curseurs de formule (IIB), Tatome d'azote de la fonction dithiocarbamate doit fetre Ii6 
a des groupes R2 et R3 dont I'un au moins induit un effet de deiocalisation ou electro- 
attracteur vis-^-vis de la density electronique de I'atbme d'azole de la fonction 
25 dithiocarbamate. 
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Selon une premiere variante, R2 et/ou exercent un effet n attrateur. A cet effet, 
r2 et/ou R3 peuvent representer un groupe carbonyle ou (h6tero)aromatique. 

Selon une deuxieme variante, R2 et/ou R^ exercent un effet I attrateur. A cet effet, 
R2 et/ou R^ peuvent representer un groupe alkyle substitu6 par des groupes electro- 
5 attrateurs. 

En ce qui concerne le substituant R^ des composes de formula (lA), (IB), (IIA) et 
(IIB). il represente de preference : 

- un groupe de formula CR^^R^i^Ris^ dans laquelle : 

. R12 et R''^ representent des groupes (i), (ii) ou (iii) tels que definis ci- 
10 dessus, ou 

. R11 = R12 = H et R''^ est un groupe aryle, alcene ou alcyne, 

- ou un groupe -COR'''^ dans lequel R'''* represente un groupe (i), (ii) ou (iii) tels 
que d6finis ci-dessus. 

II peut notamment §tre choisi parmi les groupes suivants : 

15 

H 
I 

- C - CH3 
I 

20 C02Et 

H 
I 

- C - CH3 

25 I 

phenyl 

H 
I 

30 - C - C02Et 

I 

COaEt 
CH3 



35 



- C - S - phenyl 
I 

C02Et 
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H 



O 
II 

C 



— C 



Ph 



0 




O 



10 



15 



20 



Le polymere precurseur de formule (HA) peut etre issu de la polymerisation 
radicalaire d'un monomere ethyl6niquement insature de formule : CXX' (= CV - CV')^ = 
CH2 par mise en contact dudit monomere avec un initiateur de polymerisation radicalaire 
et un compose de iormule generate (ill A) ou (IVA) : 



p etant compris entre 2 et 10, de preference entre 2 et 5. 

Dans les formules g6nerales (IIIA) ou (IVA), les symboles Z et Ri ont la meme 
signification que precedemment. Les preferences quant ^ ses symboles sont les memes 
que ci-dessus. 

ParmI les composes de formule (IVA), lorsque p = 2, Ri peut dtre cholsl parmi les 
groupes - CH2 - phenyl - CH2 - ou - (CH2)q -, avec q compris entre 2 et 10. 

Selon les variantes preferees, le compose de formule (IIIA) est choisi parmi ceux 
de fomnules (A) a (E) suivantes : 



S 




S 




(A) 
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De meme, le compose pr^curseur de formule generate (II B) peut etre issu de la 
polymerisation radicaiaire d'un monomSre ethyl^niquement insatur^ de fomiule : CXX' (= 
10 CV - CV')5 = CH2 au cours de laquelle ledit monom6re est mis en contact avec un 
initiateur de polymerisation radicaiaire et un compost de fomiule g^nerale (IIIB), (IVB) 
ou (VB) : 



C- S- R1 



R3r2n 



(IIIB) 



15 



R2-E-N 



^C-S-Ri]p (IVB) 



Ri-f-S 



C-N-R2] (VB) 



p 6tant compris entre 2 et 10 
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Dans les formules generates (IIIB). (IVB) ou (VB). les symbotes R\ R2 et R3 ont la 
m§me signification que pr6c6demment. Les preferences quant ^ ses symboles sont les 
memes que ci-dessus. 

Selon les variantes preferees, le compose de formule (IIIB) est choisi parmi les 
5 composes de formules suivantes : 

S 

S — CHdVleXCOgEt) (|) 

Me02C 



10 




^ S - CHCMeXCOgB) 
tBuOgC ^'^^ 




S 

S - CH(C02Et)2 



(K) 





S-CH(C02Et)2 



(L) 



15 



Les compos6s de formule (IMA) ou (IIIB) sont obtenus en general par reaction de 
I'amine correspondante sur CS2 de maniere a obtenir les sals de formules : 



20 



Z - C - S' . M+ 

II 

s 
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ou 

R2R3N- C - S* , M"*" 
II 
S 

5 dans lesquelles M represente le sodium, le potassium ou le lithium, 

Ce sel est ensuite mis en contact avec un deriv6 halogene Hal-R'' (Hal represente 
CI, Br. ou I) pour donner le pr^curseur de formule (MIA) ou (IIIB). 

Lors de la synthese du polymere precurseur de formule (IIA) ou (118), les initiateurs 
de polymerisation radicalaire et les monomeres ethyleniquement insatures sont du type 
1 0 de ceux precedemment cit&s. 



Le procede complet de synthase d'un polymere a blocs de formule (lA) ou (IB) 
selon I'invention peut done consister a : 

(1) syntli6tiser un polymere par mise en contact d'un monom6re ethyleniquement 
15 insature de formule : CXX' (= CV - CV)^ = CH2. d'un initiateur de polymerisation 

radicalaire et d'un compose de formule (IIIA), (IIIB), (IVA). (IVB) ou (VB), 

(2) utiliser ce polymere obtenu a Tetape (1) en tant que precurseur de formule 
generate (IIA) ou (IIB) pour preparer un polymere dibloc par mise en contact avec un 
nouveau monomere ethyleniquement insature de formule : CYY' (= CW - CW')a = CH2 

20 et un initiateur de polymerisation radicalaire, 

Cette etape (2) peut etre rep§tee autant de fois que voulu avec de nouveaux 
monomeres pour synthStiser de nouveaux blocs et obtenir un polymere multibloc. 

Comme indique precedemment. pour la preparation des precurseurs de fonnule 
(IIA) ou (IIB) pour lesquels X = H et X' = NH2, on utilise de preference d titre de 
25 monom6res ethyleniquement insatures les amides de la vinylamine, par exemple le 
vinylformamide ou le vinylacfetamide. Puis le polymere obtenu est hydrolyse a pH acide 
ou basique. 

De meme, pour la preparation des precurseurs de fomiule (IIA) ou (IIB) pour 
lesquels X = H et X' = OH, on utilise de preference a titre de monomeres 
30 ethyleniquement insatures les esters vinyliques d'acide carboxylique, comme par 
exemple I'acetate de vinyle. Puis le polymere obtenu est hydrolyse a pH acide ou 
basique. 



Selon ce principe. I'invention concerne done egalement un proc6d6 de preparation 
35 de polymferes multiblocs, dans lequel on repete au moins une fois la mise en oeuvre du 
procede precedemment decrit en utilisant : 

- des monomeres differents de la mise en oeuvre precedente, et 
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- d la place du compose precurseur de formule (MA) ou (IIB) le polymere a blocs 
issu de la mise en oeuvre pr^cedente. 

Si on repete la mise en oeuvre une fois. on obtiendra un polymere tribloc, si on le 
r6pete une deuxieme fois, on obtiendra un polymere "quadribloc", et ainsi de suite. De 
5 cette maniere, a chaque nouvelle mise en oeuvre, le produit obtenu est un polymere a 
blocs presentant un bloc polymere supplementaire. 

Done, pour la preparation de polymeres multiblocs, le procede consiste a repeter 
plusieurs fois la mise en oeuvre du procede precedent sur le polymere a blocs issu de 
chaque mise en oeuvre precedente avec des monomeres differents. 
10 Selon ce procede de preparation de polymeres multiblocs, lorsque Ton souhaite 

obtenir des polymeres a blocs homogenes et non a gradient de composition, et si toutes 
les polymerisations successives sont realisees dans le m§me reacteur, il est essentiel 
que tous les monomeres utilises lors d'une etape aient et§ consommes avant que la 
polymerisation de I'etape suivante ne commence, done avant que les nouveaux 
1 5 monomeres ne soient introduits. 

Les composes de formule (IVA) et (IVB) sont particulierement interessants car ils 
permettent de faire croitre une chaine polymere sur au moins deux sites actifs. Avec ce 
type de compose, 11 est possible d'economiser des etapes de polymerisation pour obtenir 
20 un copolymere a n blocs. 

Ainsi, si p vaut 2, le premier bloc est obtenu par polymerisation d'un monomere M1 
en presence du compose de formule (IVA) ou (IVB). Ce premier bloc peut ensuite croitre 
^ chacune de ses extr6mit6s par polym6risation d'un deuxieme monomere M2. Un 
copolymere tribloc est obtenu. Ce copolymere tribloc peut, lui-meme, croitre S chacune 
25 de ses extremites par polymerisation d'un troisieme monomdre M3. Ainsi, un copolymere 
"pentabloc" est obtenu en seulement trois etapes. 

Si p est superieur a 2, ie proc6de permet d'obtenir des homopolymeres ou des 
copolymeres d blocs dont la structure est "multi-bras" ou hyperbranchee. 

30 La polymerisation est mise en oeuvre selon toute methode connue de I'homme du 

metier. Elle peut etre realisee en masse, en solution ou en emulsion. La temperature 
peut varier entre la temperature ambiante et 150°C selon la nature des monomeres 
utilises. Le procede est mis en oeuvre en I'absence de source UV. 

Le precede selon I'invention presente I'avantage de conduire e des polymeres a 
35 blocs presentant un indice de polydispersite faible. 

II permet egalement de contr6ler la masse moieculaire des polymeres. 
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L'invention concerne done aussi tes polymeres a blocs susceptibles d'etre obtenus 
par le procede precedent. 

Ces polymeres presentent, en general, un indice de polydispersite (Ip) d'au plus 2. 
de preference d'au plus 1,5. 
5 Les polymeres a blocs pref6res sont ceux presentant au moins deux blocs 

polymeres choisis parmi les associations suivantes : 

- poiystyrene/polyacrylate de methyle 

- poiystyrene/polyacrylate d'ethyle, 

- poiystyrene/polyacrylate de tertiobutyle. 
10 - polyacrylate d'ethyle/polyacetate de vinyle, 

- polyacrylate de butyle/polyacetate de vinyle 

- polyacrylate de tertiobutyle/polyacetate de^vinyle. 

Enfin, le proc6de de synthese des polymeres precurseurs de formule generate (MA) 
15 ou (MB) permet egalement de synthetiser des polymeres presentant un faible indice de 
polydispersite. Ces polymeres precurseurs presentent, en general, un indice de 
polydispersite d'au plus 2, de preference d'au plus 1.5. 

De preference, pour ces polymeres precurseurs de formule generate (IIA) ou (MB), 
n est superieur ou egal a 6. 

20 

Les exemples suivants lllustrent Tinvention sans toutefois en limiter la portSe. 
EXEMPLES 

25 1. SYNTHESE DES COMPOSES PRECURSEURS DE FORMULE (IIIA) ou flllB^ 

Exemple 1.1 : Synthese du dithiocarbamate de formule (A) 

Dans un ballon, on dissout 17,8 g de 2-amino-2-methyl-1-propanol dans 100 ml 
30 d'une solution 0,1M d'6thanolate de sodium dans TethanoK On ajoute ensuite 24 ml de 
diethylcarbonate et la solution obtenue est agitee pendant 24 heures. Le solvant est aiors 
est evapore. Apres sechage. on obtient 17,26 g de 5,5-dim6thyl-2-oxazolidone avec un 
rendement de 75 %. 

On lave 5,28 g d'hydrure de sodium d 50 % par du pentane. On I'ajoute d un 
35 melange THF/DMSG (100 ml THF/100 ml DMSO). Cette solution est refroidie a OX. On 
y ajoute 1 1 ,5 g de 5.5-dimethyl-2-oxa2olidone obtenue d Tissue de la premiere etape. Le 
systeme de refroidissement est interrompu et le milieu reactionnel est agite pendant 
1h30, il apparait alors un precipite blanc. La temperature est de nouveau portee a 0"C et 
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1 equivalent de CS2 (7.6 g) est ajoute. La solution se colore en rouge et ragitation est 
maintenue jusqu'a ce que le milieu rfeactionnel soit parfaltement Umplde (environ 3 
heures). La solution est alors reprise par de I'eau et extraite au dichloromethane. 

La phase aqueuse est recuperee et additionnee par 50 ml d'ethanol et 16,2 ml de 
5 chloromalonate de di^thyle. L'agitation est maintenue toute la nuit a temperature 
amblante et la solution jaune obtenue est concentree sous vide avant d'etre reprise par 
une solution aqueuse saturee en chlorure de sodium. Enfin, elle est extraite par de 
Tether. 

On isole 7,9 g de dithiocarbamate de formule (A) par chromatographie sur colonne. 
10 Le rendement est de 23 %. 

Exempie 1.2 : Synthese du dithiocarbamate de formule (B) 

On lave 2,6 g d'hydrure de sodium a 50 % par du pentane. II est ensuite introduit 
15 dans un melange THF/DMSO (200 ml THF / 200 ml DMSO). On ajoute ensuite 4,35 g 
d'oxazolidone et la solution est agit§e une heure a temperature amblante. Un precipite 
blanc apparait. 

Le milieu reactiohnel est alors refroidi a -20"C et on ajoute 3,6 ml de CS2. La 
solution se colore en orange. Elle est agitee 10 min a -20X puis 2 heures a OX. Le 
20 milieu reactionnel est de nouveau refroidi a -20^*0 et on ajoute 4 ml de chloromalonate de 
diethyle. La solution est agitee 10 min a -20°C. 1 heure S 0**C et 1 heure a temperature 
amblante. 

Le milieu r6actionnel est repris par de I'ither et la phase organique est Iav6e par de 
I'eau, puis par une solution saturee en chlorure de sodium. 
25 On isole 2,6 g de dithiocarbamate de formule (B) par chromatographie sur colonne. 

Le rendement est de 23 %. 

Exempie 1.3 : Synthese du dithiocarbamate de formule (C) 

30 On melange 66 g d'ephedrine a 72 g d'uree. Le melange est chauffe ^ 170X 

pendant 30 minutes puis a 200°C pendant 2 heures. Apres refroidissement a 
temperature amblante, on ajoute 200 ml d'eau, Le precipite blanc qui se fomne est filtre 
et lave avec une solution aqueuse a 5 % d'acide chlorhydrique, puis recristallise dans 
rethanol. On obtient 28 g de 1,5-dimethyI-4-phenyl-2-imidazolldone avec un rendement 

35 de 37 %. 

On lave 2.6 g d'hydrure de sodium a 50 % avec du pentane et on ajoute un 
melange THF/DMSO ( 200 ml THF / 200 ml DMSO). On ajoute 9,5 g de 1.5-dimethyl-4- 
phenyl-2-imidazolidone precedemment obtenue et la solution est agitee une heure S 
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temperature ambiante. Le milieu reactionnel est alors refroidi a 0**C et on y ajoute 3 ml 
de CS2. La solution deviant orange. Elle est agitee a OX pendant 2 heures. Le milieu 
reactionnel est repris par 100 ml d'eau et extrait par du dichloromethane. 

La phase aqueuse est recuperee et on ajoute 100 ml d'ethanol, puis 4 ml de 
5 chloromalonate de diethyle. L'agitation est maintenue pendant 2 heures et le milieu 
reactionnel est repris par de Tacetate d'ethyle. La phase organique ainsi obtenue est 
lavee par de Teau puis par une solution saturee en chiorure de sodium avant d'etre 
concentree sous vide. 

On isole 4,5 g de dithlocarbamate de formule (C) par chromatographie sur 
10 colonne. Le rendement est de 42 %. 

Exemple 1.4 : Synthese du dithiocarbamate de formule (D) 

On lave 2,6 g d'hydrure de sodium a 50 % avec du pentane. puis on ajoute un 
melange THF/DMSO (50 ml THF / 50 ml DMSO). On ajoute ensuite 5,5 ml d'indoline au 
melange et la solution est agit6e 1 heure d temperature ambiante. 

Elle est ensuite refroidie a 0**C et on y ajoute 3,6 ml de CS2. La solution devient 
orange. Elle est agitee a 0°C pendant 2 heures. Le milieu reactionnel est repris par 100 
ml d'eau et lave au dichloromethane. 

La phase aqueuse est recup6ree et on ajoute 100 ml d'ethanol et 6,4 ml de 
chloromalonate de di6thyle. La solution est agitee pendant 2 heures, puis reprise par de 
r§ther. La phase organique ainsi obtenue est lavee par de Teau. puis par une solution 
saturee en chiorure de sodium avant d'etre concentree. 

On isole 1 1 g de dithiocarbamate de formule (D) par chromatographie sur colonne 
sous forme de cristaux jaunes Le rendement est de 79 %. 

Exemple 1.5 : Synthese du dithiocarbamate de formule (E) 

On ajoute 1 g de 5-methyl-2-pyrrolidinone dans 20 ml d'un melange 1/1 
30 THF/DMSO. On y ajoute 0.56 g de potasse, puis 1 ml d'eau et 0,6 ml de CS2. Le milieu 
reactionnel est agit6 pendant 1 heure ; la solution devient rouge-noir, 

Elle est refroidie d OX et on ajoute 1 ml de chloromalonate de diethyle. L'agitation 
est maintenue pendant 30 minutes dl OX puis pendant 2 heures a temperature ambiante. 
Le milieu reactionnel est repris par de Teau et extrait a rac6tate. d'6thyle. La phase 
35 organique est recuperee et lavee par de I'eau. puis par une solution concentr6e en 
chiorure de sodium avant d'etre concentree sous vide. 

On isole 0,86 g de dithiocarbamate de fomiule (E) par chromatographie sur 
colonne sous forme d'huile jaune. Le rendement est de 26 %. 



15 



20 



25 
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Exemple 1.6 : Synthese du dithiocarbamate de formule (F) 

On lave 1,76 g de NaH a 50 % (30 mmol) par du pentane, puis on ajoute 50 ml de 
5 THF et 50 ml de DMSO. On refroidit cette solution ^ 0"C. puis on ajoute 3,8 g 
d'imidazolidinone (30 mmol). On enleve le bain froid. 

Apres IhSO. un precipite blanc s'est forme. On refroidit a OX, puis on ajoute CS2. 
La solution se colore en rouge et I'agitation est prolongee jusqu'a ce que la solution soit 
limpide (3 heures). 

10 La solution est alors hydrolysee par de I'eau et extraite au dichloromethane. On 

ajoute 200 ml d'acetone a la phase aqueuse puis 4,2 g d'iode. 

Apres 2 heures d'agitation a temperature ambiante, la solution obtenue est jaune ; 
elle est concentree sous vide avant d*§tre dilute par une solution satur6e en NaCI et 
extraite par de Tether. 

15 La purification du brut r6actionnel par chromatographie sur colonne 

(heptane/acetate d'6thyle dans un rapport 9/1) permet tfisoler 4.2 g de dimere. Le 

rendement est de 67 %. 

On met 2 g de dimere (5,2 mmol) en solution dans 10 ml de 1 ,2-dichloroethane. On 

ajoute 1,12 g (6,8 mmol) d'AIBN et la solution est chauffee a reflux sous argon pendant 6 
20 heures. Le solvant est ensuite evapore et le brut reactionnel est purifie par 

chromatographie sur colonne (dichloromethane/heptane dabs un rapport 9/1 puis 7/3). 

On obtient 2,34 g de dithiocarbamate de formule (F), soit un rendement de 33 %. 

Exemple 1.7 : Synthese du dithiocarbamate de formule (6) 

25 

Dans un ballon, on met en solution 6,8 g de phenylglycinol (50 mmol) dans 50 ml 
d'une solution 0,2 M de EtONa dans Tethanol (preparee par addition de 10 mmol de NaH 
a 50 ml d'6thanol). On ajoute a cette solution 6 ml de diethyl carbonate (50 mmol). La 
solution est agitee pendant 24 heures, le solvant est ensuite evapore. Le r§sidu est dilue 
30 par une solution aqueuse saturee de NaCI et extrait a I'acetate d'ethyle, 

Apres sechage et evaporation, le brut reactionnel est purifie par chromatographie 
sur colonne (dichloromethane/acetate d'ethyle dans un rapport 95/5). On obtient 4,6 g 
tf oxazolidinone, soit une redement de 56 %. 

On lave 0.53 g de NaH a 50 % (11 mmol) par du pentane puis on ajoute 20 ml de 
35 THF et 20 ml de DMSO. On ajoute ensuite 1,6 g d'oxazolidinone (10 mmol). Apres 30 
minutes de reaction. 200 ml d'6ther sont ajoutes provoquant la formation de deux phases. 
La phase sumageante est 6liminee et le residu est repris par de Tacetone. puis precipite 
par ajout d*6ther. La phase surnageante est de nouveau eliminee. 
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On ajoute 100 ml d'acetone au residu, puis 1.12 ml (7 mmol) de chloromalonate de 
diethyle. Apres 3 heures d'agitation a temperature ambiante, la solution jaune obtenue est 
concentree sous vide. Elle est ensuite diluee par une solution saturee saturee en NaCI. 
puis extraite par de Tether 
5 Le brut r6actionnel est purifie par chromatographie sur colonne (heptane/acetate 

d'ethyle dans un rapport 7/3) ; on isole 0,94 g de dithiocarbamate de formule (G). Le 
rendement est de 33 %. 

Example 1.8 : Synthese du dithiocarbamate de formule (H) 

10 

Dans un ballon, on met en solution 15.5 g de serine methylesterchlorhydrate (100 
mmol) dans 140 ml d'eau. On ajoute 10,5 g de KHCO3 (105 mmol). Apres 10 minutes, 
14,6 g de K2CO3 sont ajoutes. La solution est refroidie a OX. puis 70 ml de phosgene 
(133 mmol d'une solution de 1,9 M dans toluene) sont ajoutes lentement pendant 20 

15 minutes. La solution est agitee toute la nuit a temperature ambiante. On obtient deux 
phases qui sont separees ; la phase aqueuse est evaporee et le residu est repris par de 
i'acetate d'ethyle. La phase organique est concentree pour donner 14,3 g d'oxazolidinone 
intermediaire, soit un rendement de 99 %. 

On met en solution 1,45 g d'oxazolidinone (10 mmol) dans 20 ml de DMF, puis on 

20 ajoute 1.2 ml (20 mmol) de CS2. La solution est refroidie a O^'C, puis on ajoute 0,48 g (10 
mmol) de NaH. La solution est agitee 30 minutes d O'C, puis 30 minutes a temperature 
ambiante, Elle est de nouveau refroidie S 0*C et on y ajoute 0,8 ml (5 mmol) de 
chloromalonate de diethyle. Aprfes 30 minutes d'agitation a OX. puis 30 minutes a 
temperatureambiante, la solution est diluee par de Tacetate d'ethyle. Elle est ensuite 

25 lavee a I'eau, puis a la saumure. La phase organique est concentr6e sous vide. Le brut 
reactionnel est purifie par chromatographie sur colonne (heptane/ac§tate d'ethyle dans un 
rapport 7/3) ; on isole 1,2 g de dithiocarbamate de fonnule (H). Le rendement est de 64 
%. 

30 Exemple 1.9 : Synthase du dithiocarbamate de formule (I) 

On introduit dans un ballon 4,6 ml de cyclohexylamine (40 mmo!) en solution dans 
40 ml d'ether ethylique, puis on ajoute 5,5 ml de triethylamine (40 mmol) et 3,5 ml (45 
mmol) de chloroformate de methyle. Apres trois heures de r6action. la solution est 
35 hydrolysee par ajout d'eau. La phase organique est lavee par une solution d'HCI IN. de 
NaHCOa saturee, puis par de la saumure. La phase organique est s6ch6e sur sulfate de 
magn6sium et concentree sous vide pour donner 5,9 g (94 %) de carbamate 
intermediaire. 
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On met en solution 1.57 g (10 mmol) de ce carbamate intermediaire dans 20 ml de 
DMF, puis on ajoute 1,2 ml (20 mmol) de CS2. La solution est refroidie a OX et on ajoute 
0,48 g (10 mmol) de NaH ^ 50 %. Apres une heure a 0"C, on ajoute la solution contenant 
le sel de sodium a une solution de 1,24 ml (9,5 mmol) de 2-bromopropionate d'ethyle 
5 dans 20 ml de DMF ^ OX. 

Apres deux heures d'agitation a temperature ambiante, on obtient uen solution 
jaune qui est diluee par ajout d'ether ethylique et hydrolysee par ajout d'eau. La phase 
organique est lavee par de Teau, puis par de la saumure avant d'etre sechee et 
concentree sous vide. 

10 Le brut reactionnel est purifi6 par chromatographie sur colonne (heptane/acetate 

d'ethyle dans un rapport 9/1) : on isole 1,6 g de dithiocarbamate de formula (I). Le 
rendement est de 50 %. 

Exemple 1.10 : Synthase du dithiocarbamate de formule (J) 

15 

On met en solution 0,58 g (3 mmol) de carbamate intermediaire (prepare a partir de 
I'o-toluidine et le (Boc)20 (ditertbutyldicarbonate) dans 10 ml de DMF, puis on ajoute 0,35 
ml (6mmol) de CS2. La solution est refroidie a 0°C et on ajoute 0,144 g (3 mmol) de NaH 
a 50 %. Apres une heure a OX, la solution contenant le sel de sodium est ajoutee 
20 lentement sur une solution de 0,39 ml (3 mmol) de 2-bromopropionate d'ethyle dans 10 
ml de DMF a OX. 

Apres 2 heures d'agitation a temperature ambiante, la solution jaune obtenur est 
diluee par ajout d'6ther ethylique et hydrolys6e par ajout d'eau. La phase organique est 
lav§e par de I'eau puis par de la saumure avant d'etre s6ch§e et concentree sous vide. 
25 Le bmt reactionnel est purifie par colonne (heptane/acetate d'6thyle dans un rapport 

9/1) : on isole 0.68 g de dithiocarbamate de fonmule (J). Le rendement est de 61 %. 

Exemple 1.11 : Synthese du dithiocarbamate de formule (K) 

30 Dans un ballon place sous argon, on met en suspension 1,3 equivalent de NaH 

(1,24g ; 26 mmol) dans 10 ml de THF. On ajoute a OX 1 equivalent de diphenyle amine 
(3,38 g ; 20 mmol) en solution dans un melange de 18 ml de DMSO et 9 ml de THF. La 
couleur vtre au vert clair. 

Aprfes une heure d'agitation. on ajoute 2,36 equivalents de CS2 (2,84 ml ; 47,2 

35 mmol), la solution devient orange-jaune. Apres agitation pendant 30 minutes, la solution 
est refroidie a -20*'C et 1 equivalent d'agent chiore (3,20 ml ; 20 mmol) est ajoutS. La 
solution est agitee pendant deux heures a temperature ambiante. Elle est ensuite 
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hydrolysee, et extraite a I'ether ethylique. puis sechee sur sulfate de magn6sium et 
concentree sous vide. 

Le produit est isol6. II se pr6sente sous forme d'un solide beige (point de fusion : 
65°C). Le rendement est de 85 % sans purification. 

5 

Exemple 1.12 : Synthase du dithiocarbamate de formule (L) 

Dans un ballon sous argon, on met en suspension 1 ,3 equivalent de NaH (1 ,24 g ; 
26 mmol) dans 10 ml de THF. On ajoute au goutte a goutte. a temperature ambiante. 1 
10 Equivalent de mSthylph^nylamine (2,16 ml ; 20 mmol) en solution dans un melange de 
20 ml de DMSO et 10 ml de THF. Le melange est chauff6 a reflux du THF pendant 10 
minutes. La couleur vire au jaune-vert. 

Apres une heure d'agitation, 2,36 equivalents de CS2 (2,84 m ; 47,2 mmol) sent 
additionnes a C'C. La solution deviant alors marron-rouge. Apr6 s agitation pendant 30 
15 minutes, la solution est refroidie a -15°C et 1 equivalent d'agent chlore (3,20 ml ; 20 
mmol) est ajoute. La solution devient marron-jaune ; elle est agitee pendant deux heures 
a temperature ambiante. Elle est ensuite hydrolysee, et extraite a Tether 6thylique, puis 
s^h6e sur sulfate de magnesium et concentree sous vide. 

Apres purification par chromatographie sur colonne (heptane/acetate d'ethyle : 
20 9/1), on isole 4.42 g de produit. II se prSsente sous forme d'une huile jaune. Le 
rendement est de 70 %. 



2. PREPARATION PES HOMOPOLYMERES de formule (IIA) ou (IIB) 



25 Ces exemples demontrent que la polymerisation radicalaire est contr6l6e grSce k 

Tutilisation de precurseurs de formule generale (III). Le caractere de controle de la 
reaction apparait au travers des valeurs des indices de polymolecularite lp=Mw/Mn , 
inf6rieurs a 1,5, et des valeurs de masse moleculaire en nombre Mn. proches des 
valeurs th6oriques et exprimSes par la formule suivante : 

30 

Mm X , 

'^" = Wioo'^"^^' 



avec : Mn : mole de monom^re 

Mp : mole de precurseur de formule (III) 
35 X : conversion du monomere (%) 

Mmol : masse moleculaire du monomfere (g/mol) 
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Exemple 2.1 : homopolym^re de styrene 

On introduit dans un ballon de 1 0 ml : 

- 1 mmol de dithiocarbamate de formula (A) {0.35 g), et 
5 - 40 mmol de styrene (4,1 6 g). 

La temperature est portee a 95°C et on ajoute 0,03 mmol de peroxyde de lauroyle 
(12,8 mg). La polymerisation dure 12 heures au cours desquelles on additionne 0,02 
mmol de peroxyde de lauroyle toutes les deux heures. 

10 Le polymere est recupere par evaporation des traces de monomere residual et 

analyse par G.P.C. en milieu THF et en 6quivalents polystyrene. 

L'analyse par G.P.C. de rhomopolymere pr6c6demment obtenu permet de 
mesurer sa masse moyenne en nombre Mn. Elle permet 6galement de mesurer sa 
masse moyenne en poids (Mw) et done I'indice de polydispersit6 Ip, correspondant au 
1 5 rapport de Mw sur Mn. 

Les resultats sont les suivants : 

- taux de conversion : 43 %. 

- masse mol6culaire moyenne Mn = 3500 , 

- indice de polydispersite Ip = 1,1. 

20 

Exemple 2.2 : homopolymfere d'acrylate de mfethyle 

On introduit dans un ballon : 
- 1 mmol de dithiocarbamate de formule (A) (0.35 g). et 
25 - 40 mmol d'acrylate de methyle (3,44 g). 

La temperature est port6e & 80^*0 et on ajoute 0,03 mmol de peroxyde de lauroyle 
(12.8 mg). La polymerisation dure 6 heures au cours desquelles on ajoute 0,02 mmol de 
peroxyde de lauroyle toutes les deux heures. 

30 Le polymere est recupere par evaporation sous vide des traces de monomere 

residue! et analyse par G.P.C. en milieu THF et en equivalents polystyrene : 

- taux de conversion : 77 %, 

- masse mol^culaire moyenne Mn = 3000 , 

- indice de polydispersitfe Ip = 1 .1 . 
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Exemple 2.3 : homopolymere de styrene/cinetique de polymerisation 

Une solution m6re est pr6par6e en m6langeant : 
- 5,504 g de styrene, 
5 - 0,231 g de dithiocarbamate de formule (A), el 

- 11,4 mg d'azo-bis-isobutyronitrile (AIBN). 

Des aliquotes d*environ 0,9 g de cette solution sont r^partis dans des tubes et 
portds ci yC'C. La polymerisation dans les diff§rents tubes est arr§t6e d des temps 
diff6rents par refroidissement et introduction de 4 ml de toluene contenant 25 mg 
10 d'hydroquinone. 

Pour chaque tube, le polymere est recupere par evaporation du toluene et du 
monomere residue! ; il est analyse par GPC en milieu THF. Les masses sont donnees 
en equivalents polystyrene. Les resultats obtenus sont rassembles dans le tableau 1. 

15 

Tableau 1 



Temps (min) 


Conversion (%) 


Mn 


IP 


63 


6.6 


770 


<*> 


126 


14,4 


1260 


(*> 


240 


27,4 


1700 


1.2 


359 


37,2 


2200 


1.2 


1443 


80.0 


4400 


1.2 



{*) : une partie de la distribution de masses est hors calibration ; le calcul de 
20 I'indice de polydispersite n'est done pas possible pour ces echantillons. 

Exemple 2.4 : homopolymere d'acrylate d'ethyle/cin6tique de polymerisation 

Une solution mere est preparee en melangeant : 
25 - 5,533 g d'acrylate d'ethyle, 

- 0,241 g de dithiocarbamate de formule (A), et 
- 1 1 ,3 mg d'azo-bis-isobutyronitrile (AIBN). 

Des aliquotes d'environ 10 g de cette solution sont repartis dans des tubes et 
portes k 70**C. Les polymerisations dans les tubes sont arr§t§es t des temps differents 
30 par refroidissement et introduction de 4 ml de tolu6ne contenant 25 mg d'hydroquinone. 
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Pour chaque tube, le polymere est recup6r6 par Evaporation du tolu6ne et du 
monom^re residuel ; il est analyst par GPC en milieu THF. Les masses sont donn6es 
en Equivalents polystyrene. Les rfesultats obtenus sont rassembles dans le tableau 2. 

5 Tableau 2 



Temps (min) 


Conversion (%) 


Mn 


IP 


31 


1.9 


323 


(*) 


49 


15,6 


2100 


1,7 


101 


50,6 


4300 


1.6 


150 


63,5 


5300 


1,5 


211 


77,2 


5900 


1,6 



(*) : une partie de la distribution de masses est hors calibration ; 'e calcul de 
rindice de polydispersitE n'est done pas possible pour cet Echantillon. 

1 0 Exemple 2.5 : homopolymere de styrene 

On introduit dans un ballon : 

- 2,23 g de styrene, 

- 84,5 mg de dithiocarbamate de f ormule (B), et 
15 - 4,2 mg de peroxyde de lauroyle. 

La temperature est portee a IIO'^C. La reaction dure 24 heures au cours 
desquelles plusieurs ajouts de peroxyde de lauroyle sont realises : 

- 4,7 mg apres 2 heures, 

- 4,1 mg apres 4 heures. 

20 

Le polymere est recupere par evaporation sous vide des traces de monomere 
r6siduel et analys6 par GPC en milieu THF et en equivalents polystyrene : 

- taux de conversion : 98.1 %, 

- masse moleculaire moyenne Mn = 8500 , 
25 - indice de polydispersite Ip = 1 ,3. . 

Exemple 2.6 : homopolymere d'acrylate d'ethyle 

On introduit dans un ballon : 
30 - 2,1 3 g d'acrylate d'6thyle, 

- 84,5 mg de dithiocarbamate de formule (B), et 

- 4,5 mg de peroxyde de lauroyle. 
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La temperature est port6e ^ SC^C. La r6action dure 24 heures au cours desquelles 
plusieurs ajouts de peroxyde de lauroyle sont realises : 

- 5,0 mg apres 2 heures, 

- 3,8 mg apr6s 4 heures. 

5 

Le polym^re est r6cup6r6 par evaporation sous vide des traces de monom6re 
r6siduel et analyse par GPC en milieu THF et en equivalents polystyrene : 

- taux de conversion : 97,5 %, 

- masse moleculaire moyenne Mn = 10 700 , 
1 0 - indice de polydispersile Ip = 1 ,2. 

Example 2.7 : homopolymere d'acetate de vinyle 

On introduit dans un ballon : 
15 - 1,82 g d' acetate de vinyle, 

- 85,1 mg de dithiocarbamate de formule (B), et 
" 8,8 mg de peroxyde de lauroyle. 

La temperature est portee ^ SO^'C. La reaction dure 24 heures au cours desquelles 
plusieurs ajouts de peroxyde de lauroyle sont r6alis§s : 
20 - 8,1 mg apr6s 2 heures, 

- 8,0 mg apres 4 heures. 

Le polymere est recupere par evaporation sous vide des traces de monom^re 
residuel et analyse par GPC en milieu THF et en Equivalents polystyrene : 
25 - taux de conversion : 59,2 %, 

- masse mol6culaire moyenne Mn = 4600 , 

- indice de polydispersite Ip = 2,0. 

Exempie 2.8 : homopolymere de styrene 

30 

On introduit dans un ballon : 

- 2,24 g de styrene, 

- 0,113 g de dithiocarbamate de formule (C), et 

- 4,5 mg de peroxyde de lauroyle. La temperature est port6e A 1 10**C. La reaction 
35 dure 24 heures au cours desquelles plusieurs ajouts de peroxyde de lauroyle sont 

realises : 

- 4,7 mg apres 2 heures, 

- 3,6 mg apres 4 heures. 
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Le polym6re est recuper6 par evaporation sous vide des traces de monomere 
residuel et analyse par GPC en milieu THF et en Equivalents polystyrene : 

- taux de conversion : 98,0 %, 

5 • masse moleculaire moyenne Mn = 7600 , 

- indlce de polydispersite Ip = 1.6. 

Exemple 2.9 : homopolymere d'acrylate d'ethyle 

10 On introduit dans un ballon : 

-2,13gd'acrylate d'6thyle. 

- 0,1 1 5 g de dithiocarbamate de formule (C). et 

- 4,3 mg de peroxyde de lauroyle. 

La temperature est port6e a 80°C. La reaction dure 24 heures au cours desquelles 
15 plusieurs ajouts de peroxyde de lauroyle sent realises : 

- 4,6 mg apres 2 heures, 

- 4,9 mg apres 4 heures. 

Le polymere est recupere par evaporation sous vide des traces de monomSre 
20 residuel et analyse par GPC en milieu THF et en Equivalents polystyrene : 

- taux de conversion : 95,2 %, 

- masse molfeculaire moyenne Mn = 8600 , 

- indice de polydispersit6 Ip = 1 ,4. 

25 Exemple 2.1 0 : homopolymere d'acState de vinyle 

On introduit dans un ballon : 
- 1 ,84 g d*ac6tate de vinyle, 

- 0.11 2 g de dithiocarbamate de formule (C), et 
30 - 8,3 mg de peroxyde de lauroyle. 

La temperature est portee d 80X. La rfeaction dure 24 heures au cours desquelles 
plusieurs ajouts de peroxyde de lauroyle sont realis6s : 

- 8,8 mg apres 2 heures. 

- 8.0 mg aprEs 4 heures. 

35 

Le polym6re est recuperE par evaporation sous vide des traces de monomere 
r6siduel et analyst par GPC en milieu THF et en equivalents polystyrene : 

- taux de conversion : 33 %. 
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- masse moleculaire moyenne Mn = 2500 , 

- indice de polydispersit6 Ip = 1 .4. 



Example 2.11 : homopolymere de styrene 

5 

On introduit dans un ballon : 

- 2,23 g de styrene, 

- 95.1 mg de dithiocarbamate de formule (D), et 

- 4,1 mg de peroxyde de lauroyle. 

10 La temperature est portee ^ 110°C. La reaction dure 24 heures au cours 

desquelles plusieurs ajouts de peroxyde de lauroyle sont rSalisSs : 

- 4,2 mg apres 2 heures, 

- 3.9 mg apres 4 heures. 

15 Le polymere est recup6re par evaporation sous vide des traces de monomere 

r6siduel et analyst par GPC en milieu THF et en Equivalents polystyrene : 

- taux de conversion : 97,6 %, 

- masse mol§culaire moyenne Mn = 6800 , 

- indice de polydispersit6 Ip = 2,0. 

20 

Example 2.12 : homopolymere d'acrylate d'ethyle 

On introduit dans un ballon : 

- 2,15 g d'acrylate d'ethyle, 

25 ' - 98,7 mg de dithiocarbamate de formule (D). et 

- 4,1 mg de peroxyde de lauroyle. 

Latemp6rature est port6e A 80°C. La reaction dure 24 heures au cours desquelles 
plusieurs ajouts de peroxyde de lauroyle sont realises : 

- 4.5 mg apres 2 heures. 
30 - 4,1 mg apres 4 heures. 



Le polymere est recup6r6 par evaporation sous vide des traces de monomdre 
r6siduel et analyse par GPC en milieu THF et en equivalents polystyrene : 

- taux de conversion : 91 .8 %, 

35 - masse moleculaire moyenne Mn = 7900 , 

- indice de polydispersit6 Ip = 1.6. 
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Exemple 2.13 : homopolymere de styr^ne 

On introduit dans un ballon : 

- 2,23 g de styrene, 

5 - 87 mg de dithiocarbamate de formule (E), et 

- 4,0 mg de peroxyde de iauroyle. 

La temperature est portee a 110"C. La reaction dure 24 heures au cours 
desquelles plusieurs ajouts de peroxyde de Iauroyle sont realises : 

- 4,6 mg apres 2 heures, 
10 - 4,6 mg apres 4 heures. 

Le polymere est recupere par evaporation sous vide des traces de monomere 
residuel et analyse par GPC en milieu THF et en Equivalents polystyrene : 

- taux de conversion : 97,1 %, 

15 - masse moleculaire moyenne Mn = 8300 , 

- indice de polydispersite Ip = 1,4. 

Exemple 2.14 : homopolymere d'acrylate d'ethyle 

20 On introduit dans un ballon : 

- 2,13 g d'acrylate d'ethyle, 

- 88,5 mg de dithiocarbamate de formule (E). et 

- 4,0 mg de peroxyde de Iauroyle. 

La temperature est portee a 80X. La reaction dure 24 heures au cours desquelles 
25 plusieurs ajouts de peroxyde de Iauroyle sont realises : 

- 4,5 mg apres 2 heures, 

- 4,5 mg apres 4 heures. 

Le polymere est recupere par evaporation sous vide des traces de monomere 
30 residuel et analyse par GPC en milieu THF et en equivalents polystyrene : 

- taux de conversion : 94,4 %, 

- masse moleculaire moyenne Mn = 9700 , 

- indice de polydispersite Ip = 1 ,2. 
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Exemple 2.15 : homopolymere d'acetate de vinyle 

On introduit dans un ballon : 
- 1,83 g d'acetate de vinyle, 
5 - 97,4 mg de dithiocarbamate de formule (E). et 

- 8,1 mg de peroxyde de lauroyle. 

La temperature est portee a 80°C. La reaction dure 24 heures au cours desquelles 
plusieurs ajouts de peroxyde de lauroyle sont realises : 
- 8.5 mg apres 2 heures, 
10 - 8,3 mg apres 4 heures. 



Le polym^re est rScupere par evaporation sous vide des traces de monomere 
residuel et analyse par GPC en milieu THF et en Equivalents polystyrene : 

- taux de conversion : 23,4 %, 

15 - masse moleculaire moyenne Mn = 2100 , 

- indice de polydispersite ip = 1 ,35. 

Exemple 2.16 : homopolymere d'acetate de vinyle 

20 On introduit dans un tube de verre: 

- 0,015 mmol d'AIBN (2,4 mg), 

- 10 mmol d'acrylate d'ethyle (1 g). et 

^0,13 mmol de dithiocarbamate de formule (F) (33,8 mg) 

25 Le tube est ferm§ par un bouchon ^ vis et est ensuite immerge dans un bain d'huile 

prechauffe a SO^C. La polymerisation dure 24 heures. 

Le polymere est recupere par evaporation des traces de monomere r6siduel et 

analyse par GP.C en milieu THF et en equivalents polystyrene. Les resultats obtenus 

sont les suivants : 
30 - taux de conversion : 61 %, 

- masse molaire moyenne en nombre Mn = 5600, 

- indice de polydispersite Ip = 1,4. 
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Exemple 2.17 : homopolymere du styrene 

On introduit dans un tube de verre : 

- 0,014 mmol d'AIBN (2.3 mg), 

5 - 1 0 mmol de styrene (1 ,03 g), et 

- 0,12 mmol de dithiocarbamate de formule (F) (32 mg). 

Le tube est ferme par un bouchon a vis et est ensuite immerge dans un bain d'huile 
prechauffe a 115'C. La polymerisation dure 24 heures. 
10 Le polymere est recupere par evaporation des traces de monomere residue! et 

analyse par GP.C en milieu THF et en equivalents polystyrene. Les resultats obtenus 
sont les suivants : 

- taux de conversion : 95 %, 

- masse molaire moyenne en nombre Mn = 7200, 

- indice de polydispersite Ip = 1 ,19. 

Exemple 2.18 : homopolymere du m6thacrylate de m^thyle 

On introduit dans un tube de verre : 

- 0,012 mmol d'AIBN (2 mg). 
- 10 mmol d'acrylate d'ethyle (1 g), 

- 0,12 mmol de dithiocarbamate de formule (F) (31.7 mg) et 
- 1 g de methyiethyl cetone. 

Le tube est ferme par un bouchon a vis et est ensuite immerge dans un bain d'huile 
prechauffe a SO'^C. La polymerisation dure 24 heures. 

Le polymere est recupere par evaporation des traces de monomere r6siduel et 
analyse par G.P.C en milieu THF et en Equivalents polystyrene. Les resultats obtenus 
sont les suivants : 
30 - taux de conversion : 96 %, 

- masse molaire moyenne en nombre : Mn = 13900, 

- indice de polydispersite Ip = 1 ,64. 
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Exemple 2.19 : homopolymdre de Tacetate de vinyle 
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On introduit dans un tube de verre: 

- 0.026 mmol d'AIBN (2 mg). 

5 - 10 mmol d'acetate de vinyle (0,86 g), et 

- 0,1 2 mmol de dithiocarbamate de formula (G) (48 mg). 

Le tube est ferme par un robinet a vis et est ensuite immerge dans un bain d'huile 
prechauffe a SOX. La polymerisation dure 24 heures. 
10 Le polymere est recup6r6 par evaporation des traces de monomere residuel et 

analyse par G.P.C en milieu THF et en Equivalents polystyrene, Les resultats sont les 
suivants : 

- taux de conversion : 21%, 

- masse molaire moyenne en nombre Mn = 1140. 

- indice de polydispersitd Ip = 2,32. 

Exemple 2.20 : homopolymere de racrylate d'ethyle 

On introduit dans un tube de verre: 

- 0.013 mmol d'AIBN (2,1 mg), 
- 10 mmol tfacrylate d'ethyle (1 g). et 

- 0,12 mmol de dithiocarbamate de formule (G) (48 mg). 

Le tube est ferme par un bouchon a vis et est ensuite immerge dans un bain d'huile 
25 prEchauffe S 80**C. La polymerisation dure 24 heures. 

Le polymere est recupere par evaporation des traces de monomere residuel et 
analyse par G.P.C en milieu THF et en equivalents polystyrene. Les resulats sont les 
suivants : 

- taux de conversion : 62 %, 

30 - masse molaire moyenne en nombre Mn= 7500. 

- indice de polydispersite Ip = 1 ,39. 

Exemple 2.21 : homopolymere du styrene 

35 On introduit dans un tube de verre : 

- 0,013 mmol d'AIBN (2.1 mg), 

- 10 mmol de styrene (1.04 g), et 

- 0,12 mmol de dithiocarbamate de formule (G) (48 mg). 
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Le tube est ferme par un bouchon a vis et est ensuite immerge dans un bain d'huile 
prechauff§ a HS^C. La polyni6risation dure 24 heures. 

Le polymere est recupere par evaporation des traces de monomere residuel et 
5 analyse par G.P.C en milieu THF et en equivalents polystyrene. 

- taux de conversion : 95 %. 

- masse molaire moyenne en nombre Mn = 5300, 

- indice de polydisperslte Ip = 1 ,28. 

10 Exemple 2.22 ; homopolymere de Tacetate de vinyle 

On introduit dans un tube de ven-e: 

- 0,026 mmol d'AIBN (4,2 mg). 

- 10 mmol d'acetate de vinyle (0,86 g), et 
15 - 0,13 mmol de dithiocarbamate de formule (H) (48 mg). 

Le tube est ferme par un bouchon a vis et est ensuite immerg6 dans un bain d'huile 
pr6chauff6 a SO^C. La polymerisation dure 24 heures. 

Le polymere est recupere par evaporation des traces de monomere residuel et 
20 analyse par G.P.C en milieu THF et en equivalents polystyrene. Les resultats sont les 
suivants : 

- taux de conversion : 60 %. 

- masse molaire moyenne en nombre Mn = 4700, 

- indice de polydispersite Ip = 1,91. 

25 

Example 2.23 : homopolymere de racrylate d'ethyle 

On introduit dans un tube de verre: 
. 0,013 mmol d'AIBN (2,1 mg). 
30 - 10 mmol acrylate d'ethyle (1 g), et 

- 0,13 mmol de dithiocarbamate de formule (H) (48 mg). 

Le tube est ferme par un bouchon a vis et est ensuite immerge dans un bain d'huile 
prechauffe a 80''C. La polymerisation dure 24 heures. 
35 Le polymere est recupere par evaporation des traces de monomfere residuel et 

analyse par G.P.C en milieu THF et en equivalents polystyrene. Les resultats sont les 
suivants : 

- taux de conversion : 72 %, 
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- masse molaire moyenne en nombre Mn = 6000, 

- indice de polydispersite Ip =1.48. 

Exemple 2.24 : homopolymere du styrene 

5 

On introduit dans un tube de verre: 

- 0,013 mmol d'AIBN (2.1 mg), 

- 10 mmol de styrene (1,04 g), et 

- 0,12 mmol de dithiocarbamate de fomnule (H) (48 mg). 

10 

Le tube est fenne par un bouchon d vis et est ensuite immerg6 dans un bain d'hulle 
prechauffe a 1 10''C. La polymerisation dure 24 heures. 

Le polymere est recupere par evaporation des traces de monomere residuel et 
analyse par G.P.C en milieu THF et en equivalents polystyrene. Les resultats sont les 
15 suivants : 

- taux de conversion : 87 %. 

- masse molaire moyenne en nombre Mn = 8200, 

- indice de polydispersite Ip = 1,23, 

20 Exemple 2.25 : homopolymere de Tacetate de vinyle 

On introduit dans un tube de verre: 

- 0.003 mmol d'AIBN (0.6 mg). 

10 mmol d'acetate de vinyle (1 g), et 
25 - 0.14 mmol de dithiocarbamate de formule (I) (48 mg). 

Le tube est connects k une rampe d vide, plonge dans I'azote iiquide, puis trois 
cycles "congelation / vide / retour a i'ambiante" sont effectues sur le contenu du tube afin 
de le degazer. Celui-ci est ensuite scelle sous vide. Apres retour a i'ambiante, il est 
30 immerge dans un bain d*huile prechauffe a 80''C. La polymerisation dure 28 heures. 

Le polymere est recupere par ouverture du tube puis evaporation des traces de 
monomere residuel. 11 est analyse par G.P.C en milieu THF et en equivalents polystyrene. 
Les resultats sont les suivants : 

- taux de conversion : 6,6 % 

35 - masse molaire moyenne en nombre Mn 890 

- indice de polydispersite Ip = 1,24 
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Exemple 2.26 : homopolymere de Tacrylate d'dthyle 

On introduit dans un tube de verre: 

- 0.003 mmol d'AIBN (0.6 mg). 

5 - 1 0 mnnol rfacrylate d'ethyle (1 g), et 

- 0,13 mmol de dithiocarbamate de formula (I) (42 mg). 



Apres remplissage, le tube est degaze et scelle sous vide de maniere analogue a 
I'exemple 2.25. La polymerisation dure 64 heures a 80°C. 
iO Le poly mere est recupere par evaporation des traces de monomere residuel et 

analyse par G.P.C en milieu THF et en equivalents polystyrene. Les resultats sont les 
suivants : 

- taux de conversion : 69 %. 

- masse molaire moyenne en nombre Mn = 9500 
15 - indice de polydispersite Ip = 1 ,2. 



Exemple 2.27 : homopolymere du styrene 

On introduit dans un tube de venre : 
20 - 9,6 mmol de styrene (1 g) et 

- 0,12 mmol de dithiocarbamate de formuie (I) (40,2 mg). 



Apres remplissage, le tube est degaze et scelle sous vide de maniere analogue d 
I'exemple 2.25. La polymerisation dure 72 heures ^ 11 OX. 
25 Le polym6re est r6cup6re par evaporation des traces de monomere residuel et 

analyse par G.P.C en milieu THF et en Equivalents polystyrene. Les resultats sont les 
suivants : 

- taux de conversion : 70 % 

- masse molaire moyenne en nombre Mn = 6200 
30 - indice de polydispersite Ip = 1 .14 

Exemple 2.28 : homopolymere de I'acetate de vinyle 



On introduit dans un tube de verre : 
35 - 0,003 mmol d'AIBN (0,6 mg). 

- 10 mmol d'ac6tate de vinyle (1 g), et 

- 0.15 mmol de dithiocarbamate de fonnule (J) (56 mg). 
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Apres remplissage, le tube est degaze et scelle sous vide de maniere analogue a 
Texemple 2.25. La polymerisation dure 27 heures d 80X. 

Le polymere est recupere par evaporation des traces de monomere residuel et 
analyse par G.P.C en milieu THF et en equivalents polystyrene. Les resultats sont les 
5 suivants : 

- taux de conversion : 25,7 % 

- masse molaire moyenne en nombre Mn = 2200 

- indice de polydispersite Ip = 1,66 

10 Exemple 2.29: homopolymere de Tacrylate d'ethyle 

On introduit dans un tube de ven-e : 

- 0.003 mmol d'AIBN (0.6 mgj, 

- 10 mmol d'acrylate d'ethyle (1 g) et 
15 - 0,13 mmol de dithiocarbamate de formule (J) (48 mg). 

Apres remplissage, le tube est degaze et scelle sous vide de maniere analogue a 
I'exemple 10. La polymerisation dure 64 heures a 80*'C. 

Le polymere est recupere par evaporation des traces de monomere residuel et 
20 analyse par G.P.C en milieu THF et en equivalents polystyrene. Les resultats sont les 
suivants : 

•* taux de conversion : 76 % 

- masse molaire moyenne en nombre Mn = 6700 

- indice de polydispersite Ip = 1 ,2. 

25 

Exemple 2.30 : homopolymere de Tacetate de vinyle 

On introduit dans un tube de verre: 
-0,016 mmol d'AIBN (2.7 mg), 
30 - 50 mmol d'acetate de vinyle (4,3 g), et 

- 0,62 mmol de dithiocarbamate de formule (K) (251 mg). 

Apres remplissage, le tube est degaze et scelle sous vide de maniere analogue a 
Pexemple 2.25. La polymerisation dure 41 heures S 80*C. 
35 Le polymere est recupSr^ par evaporation des traces de monomere residuel et 

analyse par G.P.C en milieu THF et en equivalents polystyrene. Les resultats sont les 
suivants : 

- taux de conversion : 47,8 % 
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- masse molaire moyenne en nombre Mn = 5000 

- indice de polydispersite Ip = 1.43 

Exemple 2.31 : homopolymfere de I'acrylate d'ethyle 

5 

On introduit dans un tube de ven-e : 

- 0.003 mmol d'AIBN (0,56 mg). 

- 10 mmol d'acrylate d'ethyle (1 g), et 

- 0.12 mmol de dithiocarbamate de formule (K) (50 mg). 

10 

Apres remplissage. le tube est degaze et scelle sous vide de maniere analogue a 
rexemple 2,25. La polymerisation dure 21 heures a SOX 

Le polymere est r6cuper6 par 6vaporation des traces de monomere residuel et 
analyse par G.P.C en milieu THF et en Equivalents polystyrene. Les resultats sont les 

15 suivants : 

- taux de conversion : 67 %. 

- masse molaire moyenne en nombre Mn = 5900 

- indice de polydispersit6 Ip = 1 ,22. 

20 Exemple 2.32 : homopolymere du styrene 

On introduit dans un ballon : 

- 0,026 mmol de peroxyde de lauroyle (4,3 mg). 

- 21,3 mmol de styrene (2,22 g). et 

25 - 0.27 mmol de dithiocarbamate de formule (K) (108 mg). 

Le ballon est surmonte d'un refrigerant. plac§ sous courant d'azote et immerge 
dans un bain tfhuile prechauffe a 115X. Deux nouveaux ajouts de peroxyde de lauroyle 
sont effectues au bout de deux et quatre heures de reaction (0,026 mmol a chaque fois). 
30 La reaction est stoppee au bout de 24 heures. 

Le polymere est recupere par evaporation des traces de monomere residuel et 
analyse par G.P.C en milieu THF et en equivalents polystyrene. Les resultats sont les 
suivants : 

- taux de conversion : 98 % 

35 - masse molaire moyenne en nombre Mn = 6700 

- indice de polydispersite lp=1.7. 
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Exemple 2.33 : homopolymere de i'acetate de vinyle 

On introduit dans un tube de verre : 

- 0,004 mmol d'AIBN (0,6 mg), 

5 -11,6 mmol d'acetate de vinyle (1 g), et 

- 0,146 mmol de dithiocarbamate de formule (K) (49,8 mg). 

Apres remplissage, le tube est degaze et scell6 sous vide de maniere analogue a 
I'exemple 2.25. La polymerisation dure 100 heures S GO'^C. 
10 Le polymere est recupere par evaporation des traces de monomere residuel et 

analyse par G.P.C en milieu THF et en equivalents polystyrene. Les resultats sont les 
suivants : 

- taux de conversion : 71 ,4 % 

- masse molaire moyenne en nombre Mn = 5400 
15 - indice de polydlspersite lp= 1,29 

3 - SYNTHESE DE COPOLYMERES A BLOCS DE FORMULE (lA) 
20 Exemple 3.1 : copolymere a blocs p(AEt-b-St) 

On prepare une solution mere a partir de : 

- 4,01 g d'acrylate d'ethyle, 

- 0,176 g de dithiocarbamate de formule (A), et 
25 -8,8mgd*AIBN. 

On introduit 1,06 g de cette solution dans un ballon. La temperature est port6e A 
70''C. La polymerisation dure 24 heures au bout desqueiles les traces de monomere 
residue! sont eiiminees par evaporation. 

30 Une petite fraction du polymere obtenu est preievee et analysee en GPC en milieu 

THF et en equivalents polystyrene : 

- taux de conversion : 81,5 %, 

- masse moleculaire moyenne Mn = 7300 . 

- indice de polydispersit6 Ip = 1.4. 

35 

On introduit dans le ballon : 

- 2,08 g de styrene, et 
-4,4 mg d'AIBN. 
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La temperature est portee a 70"C. La polymerisation dure 40 heures. 

Les traces de monomere residuel sont eliminees par evaporation et le copolymere 
est analyst par GPC en milieu THF et en equivalents polystyrene : 
5 - taux de conversion : 93,8 %. 

- masse mol6culaire moyenne Mn = 20 100 . 

- indice de polydispersit6 Ip = 1,2. 

Example 3.2 : copolymere a blocs p(AEt-b-AVI\/l) 

10 

On introduit 1,38 g de la solution mere preparee pour I'exemple 3.1 dans un ballon. 
La temperature est portee a 70°C. La polymerisation dure 24 heures au bout desquelles 
les traces de monomSre residuel sont eliminees par evaporation. 

15 Une petite fraction du polymere obtenu est pr6lev6e et analysee en GPC en milieu 

THF et en equivalents polystyrene : 

- taux de conversion : 72,4 %, 

- masse mol6culaire moyenne Mn = 5100 . 

- indice de polydispersit6 Ip = 1 ,4. 

20 

On introduit dans le ballon : 
- 1 ,72 g d'acetate de vinyle, et 

- 4.2 mg dMBN. 

La temperature est portee a 70**C. La polymerisation dure 40 heures. 

25 

Les traces de monomdre residuel sont elimin6es par evaporation et le copolymere 
est analyse par GPC en milieu THF et en equivalents polystyrene : 

- taux de conversion : 15,6 %, 

- masse mol6culaire moyenne Mn = 7200 , 
30 - Indice de polydispersite Ip =1,5. 

Exemple 3.3 : copolymere a blocs p(St-b-AEt) 

On prepare une solution mere a partir de : 
35 - 4,01 g de styrene. 

- 0.168 g de dithlocarbamate deformule (A), et 

- 8,3mgrfAIBN. 
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1,00 g de cette solution est preleve et introduit dans un ballon. La temperature est 
portee a 70''C. La polymerisation dure 24 heures au bout desquelles les traces de 
monomere residuel sont eliminees par evaporation. 

On preleve une petite fraction du polymere obtenu on I'analyse en GPC en milieu 
THF et en equivalents polystyrene : 

- taux de conversion : 86.9 %, 

- masse moleculaire moyenne Mn = 4500 , 

- indice de polydispersite Ip = 1,3. 

On introduit dans le ballon : 
- 1.92 g d'acrylate d'ethyle, et 

- 3.7 mg d'AIBN. 

La temperature est portee a 70'C. La polymerisation dure 40 heures. 

Les traces de monomere residuel sont eliminees par evaporation et le copolym^re 
est analyse par GPC en milieu THF et en equivalents polystyrene : 

- taux de conversion : 94,8 %, 

- masse moleculaire moyenne Mn = 14 100 , 

- indice de polydispersite Ip = 1,7. 

Example 3.4 : copolymere a blocs p(AEt-b-St) 

On prepare une solution mere de : 
25 - 7.5 ml rfacrylate d'ethyle, 

- 3.9 mg d'AIBN (2.4.10"^ mole). 

On introduit 1,08 ml de cette solution dans un tube en verre. Puis, on ajoute 50.5 
-4 

mg (1,25.10 mole) de precurseur de formule K. Le contenu du tube est degaze par 
trois cycles "congelation-vide-retour a I'ambiante", puis scelle sous vide. Le tube est alors 
30 place pendant 21 heures dans un bain d'huile maintenu a BOX. A la fin de la reaction, le 
tube est ouvert et les residus de monomere sont elimines par evaporation sous vide. 

Les caracteristiques du polymere obtenu sont les suivantes : 

- taux de conversion : 67,4 % 

35 - masse molaire moyenne Mn : 5500 

- indice de polydispersit e: lp=1 ,22 



10 



15 



On introduit dans un tulDe en venre : 
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- 0,75 g de styrdne, 
- 1 ml de toluene, 
-1,65 mg d'AIBN, 

- 0,5 g de polyacrylate d'ethyle obtenu ci-dessus. 

5 Apres un degazeage identique a celui d6crit ci-dessus. le tube est scelle sous vide. 

Apres 72 heures a 110°C, le tube est ouvert et les residus de monomere sont elimines 
par evaporation sous vide. 

Les caracteristiques du copolymere obtenu sont les suivantes : 
10 - taux de conversion : 49,4 % 

- masse molaire moyenne Mn : 8500 

- indice de polydispersite : lp=1 ,34 

Exemple 3.5 : copolymdre k blocs p(AEt-b-St) 

15 

On prepare une solution m&re de : 

- 5,4 ml d'acrylate d'ethyle, 

- 3 mg d'AIBN (2.4.10'^ mole). 

On introduit 1,08 ml de cette solution dans un tube en verre. Puis, on ajoute 41,8 
20 mg (1.1.10"^ mole) de precurseur de formule 1. Le contenu du tube est d6gaz§ par trois 
cycles "congeiation-vide-retour ^ I'ambiante", puis scelle sous vide. Le tube est alors 
place pendant 21 heures dans un bain tf huile maintenu S SOX. A la fin de la reaction, le 
tube est ouvert et les residus de monomere sont elimin6s par evaporation sous vide. 

25 Les caract6ristiques du polymere obtenu sont les suivantes : 

- taux de conversion : 69,7 % 

- masse molaire moyenne Mn : 7050 

- indice de polydispersite : lp=1,2 

30 On introduit dans un tube en verre : 

- 1 g de styrene, 
- 1 ml de toluene, 

- 2 mg d'AIBN, 

- 0,72 g de polyacrylate d'ethyle obtenu ci-dessus. 

35 Apres un degazeage identique au precedent, le tube est scelte sous vide. Apr6s 72 

heures a 11 OX, le tube est ouvert et les rfesidus de monomere sont elimines par 
Evaporation sous vide. 
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Les caracteristiques du copolymere obtenu sont les suivantes : 

- taux de conversion : 26.1 %. 

- masse molaire moyenne Mn : 12900. 

- indice de polydispersite : lp=1,29. 
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REVENDiCATIONS 



I . Proc6d6 de preparation de polym^res blocs de formule g6n6rale (lA) ou (IB) 



C-S 



r 



I 

c - (cw = cw)a - -H- c - (CV = CV)b - CHg- 



X' 



m 



r1 OA) 



R3r2n 



r 

^ 0 - S C - (CW= CW)a - CHg- 

Y' 



C-(CV=CVV-CH2- 
X' 



m 



,— Ri (IB) 



10 



15 



20 



25 



dans lesquelles : 

- Ri repr6sente : 

• un groupe (i) alkyle, acyle. aryle, alc6ne ou alcyne eventuellement substitu6, ou 

. un cycle (ii) carbone, sature ou non, 6ventuellement substitu6 ou aromatique. ou 

♦ un h6t6rocycle (iii). satur6 ou non, 6ventuellement substitu6 ou aromatique, 

ces groupes et cycles (i), (ii) et (liD pouvant 6tre substitu6s par des groupes 
phenyles substrtues. des groupes aromatiques substitu6s ou des groupes : 
alkoxycarbonyle ou aryloxycarbonyle (-COOR). carboxy (-COOH). acyloxy (- 
OgCR). carbamoyle (-CONRg). cyano (-CN). alkylcarbonyle, alkylarylcarbonyle. 
arylcarbonyle, arylalkylcarbonyle, phtalimido. maleimido. succinimido. amidino, 
guanidimo. hydroxy (-0H). amino (-NRg). halog^ne, allyle. 6poxy, alkoxy (-OR). S- 
alkyle, S-aryle, organosilyle, des groupes presentant un caractere liydrophile ou 
ionique tels que les sels alcalins d'acides carboxyliques, les sels alcalins d'acide 
sulfonique, les chaines polyoxyde d'alkylene (POE. POP), les substrtuants 
cationiques (sels d'ammonium quaternaires), 
R representant un groupe alkyle ou aryle. 

- Z est un cycle 6ventuellement substitu6 comprenant un atome d'azote par lequel Z est 
116 au groupe C{=S)-S- de la formule (lA). les autres atomes dudit cycle induisant un 
effet de dfelocalisation ou 6lectro-attracteur vis-a-vis de la density 6lectronique de 
I'atome d'azote, 
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- R2 et R^, identiques ou diffdrents, repr6sentent : 

• un groupe (i) alkyle. acyle, aryle, alcene ou alcyne eventuellement substitue, ou 

• un cycle (ii) carbone, sature ou non, eventuellement substitue ou aromatique, ou 

• un heterocycle (iii), sature ou non. eventuellement substitu6. 
5 ces groupes et cycles (i), (ii) et (iii) pouvant etre substitues par : 

. des groupes phenyles substitues ou des groupes aromatiques substitues, 
, des groupes : alkoxycarbonyle ou aryloxycarbonyle (-COOR), carboxy (-COOH), 
acyloxy (-O2CR), carbamoyle {-CONR2), cyano (-CN). alkylcarbonyle. 
alkylarylcarbonyle. arylcarbonyle, arylalkylcarbonyle, phtalimido, maleimido, 
10 succinimido, amidino. guanidimo, hydroxy (-OH), amino (-'NR2). halog^ne, allyle, 

epoxy, alkoxy (-OR). S-alkyle, S-aryle, 

. des groupes pr^sentant un caractere hydrophile ou ionique tels que les sels 
alcalins d'acides carboxyliques. les sels alcalins d'acide sulfonique, les chaines 
polyoxyde d'alkylene (POE, POP), les substituants cationiques (sels d'ammonium 
15 quaternaires), 

R representant un groupe alkyle ou aryte, 
et. pour au moins r2 ou R^, ces groupes et cycles (i), (ii) et (iii) induisent un effet de 
delocalisation ou electro-attracteur vis-a-vis de la densite electronique de I'atome d'azote 
auquel R^ et R^ sont li^s. 

20 

- V, V, W et W. identiques ou differents, represented : H, un groupe alkyle ou un 
halogene, 

- X, X*, Y et V, identiques ou differents, representent H. un halogene ou un groupe choisi 
25 parmi R\ OR'. OCOR\ NHCOH, OH. NH2, NHR\ N(R')2, (R')2N+0-, NHCOR*. CO2H. 

C02R\ CN. CONH2, CONHR" ou CONR'2. dans lesquels R' est choisi parmi les groupes 
alkyle, aryle, aralkyle, alkaryle, alcene ou organosilyle, Eventuellement perfluor6s et 
eventuellement substitues par un ou plusleurs groupes carboxyle. epoxy. hydroxyle, 
alkoxy, amino, halogene ou sulfonique, 

30 

- a et b. identiques ou differents, valent 0 ou.1, 

- m et n, identiques ou differents, sont superieurs ou egaux a 1 , et lorsque Tun ou Tautre 
est superieur a 1, les motifs unitaires repetitifs sont identiques ou differents, 

35 

precede dans lequel on met en contact : 

- un monomere ethyleniquement insature de formule : CYY' (= CW - CW)a = CH2. 
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- un compose precurseur de formule generate (IIA) ou (IIB) : 
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C - S -h C - (CV = CV)h - CHo- 
I 

X' 



(IIA) 



C-S 



R3r2n 



p.(CV=CV)t,-CH2--R^ (IIB) 



X' 



dans laquelle Z, X, X', V, V, R^ et R3 ont la meme signification, et. b et n la meme 
valeur, que precedemment, 



10 - un initiateur de polymerisation radicalaire. 

2. Procede selon la revendication 1. caract6rise en ce que le monom^re ethyleniquement 
insature est choisi panni : le styrene ou ses d6riv6s. le butadiene, le chloroprene. les 
esters (meth)acryliques. et les nitrites vinyliques. 

15 

3. Procede selon la revendication 1 ou 2, caracterise en ce que. dans les composes de 
formule (lA) et (IIA), le cycle Z est un cycle a base d'atomes de carbone. 

4. Procede selon I'une quelconque des revendications pr6c§dentes, caracteris§ en ce 
20 que le cycle Z comprend au moins un autre heteroatome que I'azote qui lie le cycle Z d - 

C(=S)S, cet h6t6roatome etant choisi parmi O. S, N et/ou P. 

5. Proced§ selon I'une quelconque des revendications precedentes, caracterise en ce 
que, dans les composes de formule (lA) et (IIA). le cycle Z est un cycle aromatique. 

25 

6. Procede selon I'une quelconque des revendications precedentes, caracterise en ce 
que, dans les composes de fomiule (lA) et (IIA). le cycle Z comprend au moins un des 
groupes fonctionnels suivants : carbonyle (C=0). SO2, POR", R" representant un groupe 
alkyie, aryle, OR, SR. NR2 avec R, identiques ou differents, representant un groupe 

30 alkyle ou aryle. 
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7. Proc6cl§ selon Tune quelconque des revendications precedentes, caract§ris6 en ce 
que, dans les composes de formule (lA) et (IIA), le cycle Z est substitue par au moins 
I'un des groupes suivants : alkyle, aryle, alkoxycarbonyle ou aryloxycarbonyle (-COOR), 
carboxy (-COOH), acyloxy (-O2CR), carbamoyle (-CONR2). cyano (-CN), alkylcarbonyle, 

5 alkylarylcarbonyle, arylcarbonyle, arylaikylcarbonyle. phtalimido. maleimido, succinimido. 
amidino, guanidimo, hydroxy (-0H), amino (-NR2). halogene. allyle, epoxy, alkoxy (-OR). 
S-alkyle, S-aryle, des groupes presentant un caractdre hydrophile ou ionique tels que 
les sels alcalins d'acides carboxyliques ou les sels alcalins d'acide sulfonique, les 
chaines polyoxyde d'alkylene (POE, POP), les substituants cationiques (sels 
10 d'ammonium quaternaires), R repr6sentant un groupe alkyle ou aryle. 

8. Proced^ selon Tune quelconque des revendications precedentes, caracteris^ en ce 
que, dans les composes de formule (lA) et (IIA), le cycle Z est substitue par au moins un 
cycle carbon^ ou un h^t6rocycle, 6ventuellement aromatique et/ou substitue. 

15 

9. Precede selon la revendication precedente, caracteris6 en ce que, dans les 
composes de formule (lA) et (IIA), le cycle Z et son substituant cyclique ont deux atomes 
communs. 

20 10. Proc6de selon Tune quelconque des revendications prec6dentes. caracteris6 en ce 
que le cycle Z est choisi parmi Tun des cycles suivants : 



25 




30 
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11. Proc6d6 selon la revendication 1. caracteris§ en ce que, pour les composes de 
5 formule (IB) et (II B), et/ou R3 exercent un effet n. attrateur. 

12. Precede selon la revendication 1 1 . caract6ris6 en ce que R2 et/ou R3 repr6sentent 
un groupe carbonyle ou (hetero)aromatique. 

10 13. Proc6d6 selon la revendication 1, caract6ris§ en ce que, pour les compos6s de 
formule (IB) et (MB). R2 et/ou R3 exercent un effet I attrateur. 

14. Proc6d6 selon la revendication 1 ou 13, caracterise en ce que, R2 et/ou R3 
reprfesentent un groupe alkyle substitu6 par des groupes 6lectro-attrateurs. 

15 

15. Proced^ selon I'une quelconque des revendications prec6dentes, caract6ris6 en ce 
que R"" est choisi parmi les groupements : 

H 
I 

20 - C - CH3 

I 

COaEt 
H 

25 ' 

- C - CH3 

I 

phenyl 
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H 
I 

- C - COzEt 
I 

5 COzEt 

CH3 
I 

- C - S - phenyl 
10 I 

COgEt 

H O 
I II 

- C— C— Ph 




15 16. Proc6d6 selon I'une quelconque des revendications 1 d 10 et 15 a 6, caracterisS en 
ce que le compost pr§curseur de formule gSnerale (IIA) est un polymere, et en ce que 
ledit polymdre est issu de la polymerisation radicalaire d'un monomSre ^thyl^niquement 
insatur§ de formule : CXX' (= CV - CV)t, = CH2 au cours de laquelle ledit monomdre est 
mis en contact avec un initiateur de polymerisation radicalaire et un compost de formule 

20 generate (IIIA) ou (IVA) : 

S 

C-S-R1 (IIIA) 

25 / 

Z 



Rl_(_S - C-Z)p (IVA) 
30 II 

S 



wo 99/35177 



52 



PCT/FR98/02867 



p 6tant compris entre 2 et 1 0 



17. Proc6d6 selon la revendication prScedente, caracterise en ce que le compose de 

)ses de formules su 

S — CH(C00Et)2 



formule (IIIA) est choisi parmi les composes de formules suivantes 

S 



s 

S — CH(C00Et)2 



(B) 





15 
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^ S — CH{C00Et)2 



(E) 



-S-7T— N' 



CN S A-0. 
0 




COgEt 



(G) 



COgEt 




CO2CH3 



(H) 



18. Proc6d6 selon I'une quelconque des revendications 1 et 11 a 16, caract6ris6 en ce 
que le compose pr^curseur de formule gdndrale (IIB) est un polymere, et en ce que ledit 
polymdre est issu de la polymerisation radicalaire d'un monom^re 6thyl6niquenient 
insature de formule : CXX" (= CV - CV')t, = CH2 au cours de laquelle ledit monomdre est 
mis en contact avec un initiateur de polymerisation radicalaire et un compost de 
formule g6n6rale (IIIB). (IVB) ou (VB) : 



C-S-Ri 



r3r2n 



(IIIB) 
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C_S - ] 



(IVB) 



Ri + S 



C-N -R2] 



(VB) 



p §tant compris entre 2 et 10. 

5 19. Proc6d6 selon la revendication precedents, caracteris6 en ce que le compose de 
formule (IIIB) est choisi parmi les composes de formules suivanles : 

S 

V S-CH(Me)(C02Et) (I) 

Me02C 



10 




S 

^ S - CH(Me)(C02Et) 

tBuOaC ^•'^ 




s 

^ S - CH(C02Et)2 
N 

>=\ 
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S 



CH3' 




S — CH(C02Et)2 



(L) 



10 



15 



20 



25 



20. Procede de preparation de polymeres multiblocs, caracterise en ce qu'on repete au 
moins une fois la mise en oeuvre du procede selon Tune des revendications 1 a 15 en 
utilisant : 

- des monomeres differents de la mise en oeuvre precedente, et 

- a la place du compose precurseur de formule (IIA) ou (IIB) le polymere a blocs issu de 
la mise en oeuvre precedente. 

21. Polymfere ^ blocs susceptible d'&tre obtenu par le proc6d6 selon Tune des 
revendications pr6cedentes. 

22. Polymere a blocs selon la revendication pr6c6dente. caract6ris6 en ce qu'il pr6sente 
un indice de polydispersit6 d'au plus 2. 

23. Polymere a blocs selon la revendication precedente, caracterise en ce qu'il pr6sente 
un indice de polydispersit6 d'au plus 1,5. 

24. Polymere a blocs selon Tune quelconque des revendications 21 a 23, caract6ris6 en 
ce qu*il pr§sente au moins deux blocs polymeres choisis parmi les associations 
suivantes : 

- polystyrene/polyacrylate de m6thyle 

- polystyrene/polyacrylate d'ethyle, 

- polystyrene/polyacrylate de tertiobutyle. 

' polyacrylate d'ethyle/polyacetate de vinyle. 

- polyacrylate de butyle/polyacetate de vinyle 

- polyacrylate de tertiobutyle/polyacetate de vinyle. 

25. Polymdre susceptible d'etre obtenu par le proced6 qui consiste a mettre en contact 
un monomere ethyleniquement insature de formule : CXX' {= CV - C\/\ = CH2, un 
initiateur de polymerisation radicalaire et un compos6 de formule (IIIA), (IIIB). (IVA), 
(IVB) ou (VB). 
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26. Polymere selon la revendication 25. caracterise en ce qu'il presente un indice de 
polydispersit§ d*au plus 2. 

27. Polymfere selon la revendication 25 ou 26, caracterise en ce qu'il pr§sente un indice 
5 de polydispersitS d'au plus 1 .5. 

28. Compose de formule generate (IIA) ou (IIB). caracterise en ce qu'il presente un indice 
de polydispersite d'au plus 2. 
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57) Abstract 

The invention concerns a polymerization method for block polymers of general formula (lA) or (IB), 
which consists in contacting: an ethylenically unsaturated monomer of formula CYY' (=CW- 
CW')a=CH2, a precursor compound of general formula (IIA) or IIB), a radical polymerization initiator. 
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METHOD FOR BLOCK POLYMER SYNTHESIS 
BY CONTROLLED RADICAL POLYMERIZATION 
FROM DITHIOCARBAMATE COMPOUNDS 

The present invention concerns a new method of radical polymerization, which gives 
access to block copolymers. 

Block copolymers are usually prepared by ionic polymerization. This type of 
polymerization has several disadvantages: 

- it permits polymerization of only certain types of apolar monomers, notably styrene and 
butadiene, 

- it requires a particularly pure reaction medium and temperatures which are frequently 
below the ambient temperature, so as to minimize parasitic reactions. 

Thus, the constraints of performing the reaction are severe. 

Radical polymerization has the advantage of being carried out easily without excessive 
purity conditions having to be observed and at temperatures equal to or above ambient 
temperature. During this polymerization, the macroradicals, which have a very short life, 
combine irreversible by coupling or dismutation. When the polymerization proceeds in the 
presence of several comonomers, the variation of mixture is infinitely small in comparison to the 
life of the macroradical, so that the chains have a statistical distribution of monomer units and a 
sequenced distribution. 

Consequently, until recently, there was no method of radical polymerization that 
permitted the preparation of block polymers. 

Then, a new method of radical polymerization was developed: this is radical 
polymerization called "controlled" or "living" polymerization. This controlled radical 
polymerization proceeds by growth by propagation of macroradicals. 



5 



wo 99/35177 



PCT/FR98/02867 



Several techniques of controlled radical polymerization are known at present, in which 
the ends of the polymer chains can be reactivated in the form of a radical by homolytic bond 
scission, for example, C-0 or C-halogen). 

Thus, controlled radical polymerization has the following distinctive aspects: 

1. the number of chains is fixed during the entire duration of the reaction, 

2. the chains all grow at the same rate, which is manifested by 

• a linear increase of the molecular weight with conversion, 

• a narrow weight distribution. 

3. the average molecular weight is controlled by the molar ratio of monomer/chain 
precursor. 

4. the possibility to prepare block copolymers. 

The controlled character is more marked when the rate of consumption of the chain 
precursor is very large in comparison to the rate of growth of the chains (propagation). There are 
cases where this is not always true and conditions 1 and 2 are not observed, nevertheless, it is 
always possible to prepare block copolymers. 

Several approaches were described to control radical polymerization. The one most 
currently cited consists in introducing counter-radicals into the medium, which combine 
reversibly with the growing macroradicals, for example, nitroxyl radicals (Georges et al. 
Macromolecules. 2, 1987 (1993)). This technique is characterized by a high temperature in 
order to labilize the C-0 bond. 

Another method, called ^tom Transfer Radical Polymerization uses transition metal salts 
in combination with organic ligands and an initiator generally consisting of an organic halide; 
the control of the polymerization is made possible by reversible activation of the C-halogen bond 
(Matyjaszewski, K., PCT WO 96/30421). A disadvantage of this polymerization is that it 
requires a stoichiometric quantity of metal per chain precursor. 
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Otsu (Otsu et al., Makromol. Chem. Rapid Comm., 3, 127-132 (1982), Otsu et al, ibid, 3, 
123-140 (1982), Otsu et aL Polymer Bull, 7, 45 (1984), ibid, 11, 135 (1984), Otsu et al, J, 
Macromol Sci. Chem,, A21, 961 (1984), Otsu etai, Macromolecules, 19, 2087 (1989)), showed 
that certain organic sulfides, particularly dithiocarbamates, permit chain growth in a controlled 
manner xmder UV irradiation, according to the following principle: 



Reaction 1 



The principle is based on the photolysis of the C-S bond, which regenerates the carbon 
macroradical on the one hand, and the dithiocarbamyl radical on the other hand. The controlled 
nature of the reaction is due to the reversibility of the C-S bond under UV irradiation. It is thus 
possible to obtain block copolymers. On the other hand, the rate of exchange of propagating 
species and "dormant species" of reaction 1 above is not very large in comparison to the rate of 
propagation, as a consequence of which relatively broad molecular weight distributions are 
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generated. Thus, the polydispersity index (Ip = Mw/Mn) is between 2 and 5 (Otsu et al. 25, 7/8, 
643-650 (1989)). 

The xanthate and dithiocarbamate disulfides are themselves well known as conventional 
radical polymerization transfer agents in the thermal mode and in the presence of an initiator, but 
none of them permitted so far to control the polymerization and even less to produce block 
copolymers. 

Until now, it was known that disulfides (tetraalkylthiuram disulfide, diisopropylxanthate 
disulfide, mercaptobenzothiazole disulfide) are activatable thermally or under UV irradiation, 
while the monosulfides (dithiocarbamates, substituted xanthates) are activatable only under UV 
irradiation (Roha et al, Macromol. Symp.. 91, 81-92, (1995), Okawara et al. Bull, of the Tokyo 
Inst. ofTechn.,No. 78, 1966). 

However, controlled radical polymerization using a UV irradiation source is very 
difficult to use, particularly fi-om the industrial point of view, because Ihe penetration of the UV 
photons into the polymerization medium is limited, both due to absorption phenomena (flie 
majority of ethylenic monomers absorbed in the 210-280 nm range) as well as due to scattering 
phenomena in dispersed media (suspension, emulsion). 

On the other hand, it was shown (Turner et al, Macromolecules, 23, 1856-1859 (1990)) 
that photopolymerization in the presence of dithiocarbamate generates carbon disulfide and can 
be accompanied by a loss of control of the polymerization. 

Therefore, for tiiese reasons, an attempt is made to develop a technique tiiat permits 
access to block copolymers by a method without UV irradiation, preferably by thermal initiation. 
Now, at this time, no controlled radical polymerization system could be produced with 
ditiiiocarbamate compounds in tfie absence of a UV source. 

The document WO98/01478 describes a method of preparation of block copolymers by 
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controlled radical polymerization. According to this document, such a method cannot be carried 
out with the aid of compounds called chain transfer agents chosen from dithiocarbamates, which 
have the general formula: 



Controlled radical polymerization has the advantage over conventional radical 
polymerization when one has to prepare chains of low molecular weights and functionalized 
chains (reactive telomers). Such polymers are needed for specific applications, for example, 
coatings and adhesives. 

Thus, when one attempts to synthesize grafted chains on the average with 2 functional 
comonomers, the fraction of chains with at most one functional site becomes large when the 
mean degree of polymerization is less than a threshold value (e.g., 20 or 30). On the other hand, 
controlled radical polymerization permits reduction or even inhibition of the formation of these 
oligomers with zero or one functional site which degrades the performances in application. 

A goal of the present invention is to propose a new method of controlled radical 
polymerization for the synthesis of block polymers, starting from dithiocarbamates. 

Another goal of the present invention is to propose a new method of controlled radical 
polymerization for the synthesis of block poljmiers starting from dithiocarbamates in the absence 
of a UV source. 

Another goal is to propose a method of controlled radical polymerization for the 
synthesis of block polymers starting from all types of monomers. 
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Another goal is to propose a method of controlled radical polymerization for the 
synthesis of block polymers not containing any metallic impurities which would be harmful 
during utilization. 

Another goal is to propose a method of controlled radical polymerization for the 
synthesis of block copolymers, the said polymers being functionalized at the end of the chain. 

Another goal is to propose a method of controlled radical polymerization for the 
synthesis of polymers and block copolymers having a low polydispersity index. 

Another goal is to propose a method for the controlled radical polymerization for the 
synthesis of oligomers having a constant level of functions from chain to chain. 

For these purposes, the invention is concerned wifli a method of preparation of block 
polymers with the general formula (lA) or (IB): 



in which: 
represents: 

• (i) an alkyl, acyl, aryl, alkene or alkyne groups, optionally substituted, or 
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• (ii) a carbon ring, saturated or not, optionally substituted or an aromatic ring, or 

• a heterocycle (iii), which can be saturated or not, and optionally substituted or an 
aromatic heterocycle. These groups and rings (i), (ii) and (iii) can be substituted 
by substituted phenyl groups, substituted aromatic groups or the groups: 
alkoxycarbonyl or aryloxycarbonyl (-COOR), carboxyl (-COOH), acyloxy (- 
O2CR), carbamoyl (-CONR2), cyano (-CN), alkylcarbonyl, alkylarylcarbonyl, 
arylcarbonyl, arylalkylcarbonyl, phthalimido, maleimido, succinimido, amidino, 
guanidimo, hydroxyl (-0H), amino (-NR2), halogen, allyl, epoxy, alkoxy, (-OR), 
S^alkyl, S-aryl, organosilyl, groups having a hydrophilic nature or ionic nature, 
such as alkali salts or carboxylic acids, the alkali salts of sulfonic acid, 
polyoxyalkylene chains (POE, POP), cationic substituents (quaternary ammonium 
salts), 

R representing an alkyl or aryl group, 

- Z is a ring optionally substituted, comprising a nitrogen atom through which Z is bonded to 
the group C(=S)-S- of the formula (lA), other atoms of the said ring inducing a delocalization or 
electron-attracting effect on the electron density of the nitrogen atom, 

- and can be identical or different and represent: 

• (i) an alkyl, acyl, aryl, alkene or alkyne group, optionally substituted, or 

• (ii) a carbon ring which can be saturated or not, optionally substituted or an aromatic 

ring, or 

• a heterocycle (iii) which can be saturated or not and optionally substituted, and 
these groups and rings (i), (ii) and (iii) can be substituted by: 

A substituted phenyl groups or substituted aromatic groups, 
A groups: alkoxycarbonyl or aryloxycarbonyl (-COOR), carboxyl (-COOH), acyloxy (- 
O2CR), carbamoyl (-CONR2), cyano (-CN), alkylcarbonyl, alkylarylcarbonyl, 
arylcarbonyl, arylalkylcarbonyl, phthalimido, maleimido, succinimido, amidino, 
guanidino, hydroxyl (-0H), amino (-NR2), halogen, allyl, epoxy, alkoxy (-OR), S- 
alkyl, S-aryl, 
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A groups having the hydrophilic or ionic nature, such as alkali salts of carboxylic 
acids, alkali salts of sulfonic acid, polyalkylene oxide chains (POE, POP), 
cationic substituents (quaternary ammonium salts), 
R representing an alkyl or aryl group, 

and, for at least or R^ these groups and rings (i), (ii), (iii) induce a 
delocalization or electron-attracting effect toward the electron density of the 
nitrogen atom to which R^ and R' are bonded, 

- V, V', W and W, which can be identical or different, represent: H, an alkyl group or a 
halogen, 

- X, X', Y and Y, can be identical or different, and represent: H, a halogen or a group chosen 
from R', OR, OCOR', NHCOH, OH, NH2, NHR, N(R)2, (R')2N+0-, NHCOR, CO2H, CO2R, 
CN, CONH2 , CONHR' or CONR2, in which R is chosen from alkyl, aryl, aralkyl, alkaryl, 
alkene or organosilyl groups, optionally perfluorinated and optionally substituted by one or more 
carboxyl, epoxy, hydroxyl, alkoxy, amino, halogen or sulfonic acid groups. 

- a and b, can be identical or different, and have a value of 0 or 1, 

- m and n can be identical or different, are greater than or equal to 1, and when one or the other 
is greater than 1, the repeatmg units are identical or different, 

method according to which one contacts: 

an ethylenically unsaturated monomer having the formula: CYY'(=CW-CW)a 

= CH2, 

a precursor compound having die general formula (IIA) or (IIB): 
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in which Z, X, X', V, V, R\ and have the same meaning, and b and n have the 
same value as previously, 

- a radical polymerization initiator. 

Thus, the method according to the invention consists in contacting a radical polymer- 
ization initiator, an ethylenically unsaturated monomer and a precursor having general formula 
(IIA)or(IIB). 

The radical polymerization initiator can be chosen from the initiators used classically 
in radical polymerization. This can be, for example, one of the following initiators: 

- the hydrogen peroxides, such as: tertiary butyl hydroperoxide, cumene hydroperoxide, 
t-butyl-peroxyacetate, t-butylperoxybenzoate, t-butylperoxyoctoate, t-butylperoxyneodecanoate, 
t-butylperoxyisobutyrate, lauroyl peroxide, t-amylperoxypivalate, t-butylperoxypivalate, dicumyl 
peroxide, benzoyl peroxide, potassium persulfate, anmionium persulfate, 

- azo compounds, such as: 2,2'-azobis(isobutyronitrile), 2,2'-azobis(2-butanenitrile), 4,4'- 
azobis(4-pentanoic acid), l,r-azobis(cyclohexaneciarbonitrile), 2-(t-butylazo)-2-cyanopropane, 
2,2 -azobis[2-methyl-N-( 1 , 1 )-bis(hydroxymethyl)-2-hydroxyethyl] propionamide, 2,2 -azobis(2- 
methyl-N-hydroxyethyl]-propionamide, 2,2-azobis(N,N-dimethyleneisobutyramidine 
dichloride, 2,2 -azobis(2-amidinopropane) dichloride, 2,2'-azobis(N,N -dimethylene- 
isobutyramide), 2,2'-azobis(2-methyl-N-[ 1 , 1 -bis(hydroxymethyl)-2-hydroxyethyl] propion- 
amide}, 2,2'-azobis(2-methyl-N-[l,l-bis(hydroxymethyl)ethyl] propionamide), 2,2'-azobis[2- 
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methyl-N-(2-hydroxyethyl) propionamide], 2,2'-azobis(isobutyramide) dihydrate, 
- redox systems comprising combinations, such as: 

A mixtures of hydrogen peroxide, alkyl peroxide, peresters, percarbonates and similar, 
and any of the salts of iron, titanium salts, zinc formaldehyde sulfoxylate or sodium 
formaldehyde sulfoxylate and reducing sugars, 

• perrsulfates, perborates or perchlorates of alkali metals or ammonium in combination 
with an alkali metal bisulfite, such as sodium metabisulfite and reducing sugars, 

• alkali metal persulfates in combination with an arylphosphinic acid, such as benzene- 
phosphonic acid and other similar ones, and reducing sugars. 

Preferably, the quantity of initiator to be used is determined so that the quantity of 
radicals generated is at most 25% by mole with respect to the quantity of compound (IIA) or 
(IIB), and even more preferably at most 15% by mole. 

As the ethylenically unsaturated monomer, one uses more specifically according to the 
invention the monomers chosen fi-om styrene or its derivatives, butadiene, chloroprene, 
(meth)acrylic esters, vmyl esters and vmyl nitriles. 

Butadiene and chloroprene corresponding to the case where a and b = 1 in formulas (lA), 
(IB), (IIA) or (IIB) and in the formula of the monomer given previously. 

(Meth)acrylic acid esters are esters of acrylic acid and methacrylic acid with Ci-Cu 
hydrogenated or fluorinated alcohols, preferably Ci-Cg. Among the compounds of this type, one 
can cite: methyl acrylate, ethyl acrylate, propyl acrylate, n-butyl acrylate, isobutyl acrylate, 2- 
ethylhexyl acrylate, t-butyl acrylate, methyl methacrylate, ethyl methacrylate, n-butyl 
metfiacrylate, isobutyl methacrylate. 
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The vinyl nitriles include more particularly those which have 3 to 12 carbon atoms, in 
particular, acrylonitrile and methacrylonitrile. 

It is to be noted that styrene can be replaced in totality or in part by derivatives such as 
alphamethylstyrene or vinyl toluene. 

The other ethylenically unsaturated monomers that can be used alone or in mixtures or 
which are copolymerizable with the above monomers are notably: 

vinyl esters of carboxylic acids, such as vinyl acetate, vinyl Versatate®, vinyl propionate, 

- vinyl halides, 

- unsaturated ethylenic mono- and dicarboxyhc acids such as acrylic acid, methacrylic 
acid, itaconic acid, maleic acid, fumaric acid, and monoalkyl esters of dicarboxylic acids of the 
type cited with the alkanols having preferably 1 to 4 carbon atoms and their N-substituted 
derivatives, 

- amides of unsaturated carboxylic acids, such as acrylamide, methacrylamide, N- 
methylolacrylamide or methacrylamide, the N-alkylacrylamides, 

- ethylenic monomers carrying a sulfonic acid group and alkali or ammonium salts of 
these, for example, vinylsulfonic acid, vinylbenzenesulfonic acid, a-acrylamidomethylpro- 
panesulfonic acid, 2-sulfoethylene methacrylate, 

- amides of vinylamine, notably vinylformamide and vinylacetamide, 

- ethylenically unsaturated monomers having a secondary, tertiary or quatemary amino 
group, or a heterocyclic group containing nitrogen, such as, for example, vinylpyridine, 
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vinylimidazole, aminoalkyl (meth)acrylates and aminoalkyl (meth)acrylamides, such as 
dimethylaminoethyl (meth)acrylate, diteretiobutylaminoethyl (meth)acrylate, dimethylamino 
(meth)acrylamide. It is also possible to use zwitter ion monomers, for example, sulfopropyl- 
(dimethyl)aminopropyl acrylate. 

For the preparation of copolymers having formula (lA) or (IB) for which Y = H and Y' = 
NH2, preferably the amides of vinylamine are used as the ethylenically unsaturated monomers, 
for example, vmyl formamide or vinyl acetamide. Then the copolymer obtained is hydrolyzed at 
an acidic or basic pH. 

For the preparation of copolymers having the formula (lA) or (IB) for which Y = H and 
Y'= OH, preferably vinyl esters of carboxylic acids are used as the ethylenically unsaturated 
monomers, for example, vinyl acetate. Then the copolymer obtained is hydrolyzed at an acidic 
or basic pH. 

The types and quantities of the copolymerizable monomers used according to the present 
invention vary as a function of the final special application to which the block polymer is 
intended. These variations are well known and can easily be determined by the person skilled in 
the art. 

In order for the polymer having general formula (lA) or (IB) be a block polymer, the 
"precursor" compound of general formula (IIA) or (IIB) should be a polymer. Thus, n is 
greater than or equal to 1, preferably greater than 5. The monomer units of this polymer may be 
identical or different. 

The essential characteristics of the invention relate to the nature of this precursor having 
general formula (llA) or (IIB). This precursor (IIA) or (IIB) is part of the dithiocarbamate 
femily, the functional group of which is: 
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In the case of copolymers having formula (lA) or of polymeric precursors having 
formula (IIA), the nitrogen atom of the dithiocarbamate function should be part of a ring and 
the other atoms of the said ring should have an electron-attracting effect on the doublet of the 
nitrogen of the dithiocarbamate function. 

This ring Z, comprising the nitrogen of the dithiocarbamate function, can be of different 
nature as long as there is an electron-attracting effect on the nitrogen doublet. 

Considering the method, the multiblock polymers having the formula (lA) have the same 
characteristics with regard to ring Z. 

In compounds having formula (lA) and (IIA), the ring Z is a ring based on carbon atoms. 
This carbon ring may comprise at least one heteroatom other than nitrogen, which bonds the 
ring to the -C(=S)-S- group; this heteroatom may be chosen from O, S, N and/or P. It is 
preferably O or N. 

The ring Z can be an aromatic or heteroaromatic ring. 

The ring Z can be fimctionalized and comprise at least one of the following functional 
groups: carbonyl (C=0), SO2, FOR", R" representing an alkyl, aryl, OR,SR, NR2 group with R 
representing an alkyl or aryl group, which may be identical or different. Preferably, the 
functional group is carbonyl. 

It is also preferable when the functional group is directly bonded to the nitrogen of the 
dithiocarbamide function. 
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The ring Z may be substituted by at least one of the following groups: alkyl, aryl, 
alkoxycarbonyl or aryloxycarbonyl (-COOR), carboxyl (-COOH), acyloxy (-O2CR), carbamoyl 
(-CONR2), cyano (-CN), alkylcarbonyl, alkylarylcarbonyl, arylcarbonyl, arylalkylcarbonyl, 
phthalimido, maleimido, succinimido, amidino, guanidimo [guanidino?], hydroxyl (-0H), amino 
(-NR2), halogen, allyl, epoxy, alkoxy (-OR), S-alkyl, S-aryl, groups having hydrophilic or ionic 
nature, such as alkali salts of carboxylic acids or alkali salts of sulfonic acid, polyalkylene oxide 
chains (POE, POP), cationic substituents (quaternary ammonium salts), R representing an alkyl 
or aryl group. 

The ring Z may also be substituted by at least carbon ring or heterocyclic ring, optionally 
an aromatic one and/or substituted by one of the preceding groups. In the latter case, and 
according to a preferred variant, the ring Z and its cyclic substituents have two atoms in 
common. 

The ring Z is preferably chosen from one of the following rings: 



18 



wo 99/35177 



PCT/FR98/02867 



Similarly, in the case of copolymers having the formula (IB) or polymeric precursors 
having formula (IIB), the nitrogen atom of the dithiocarbamate function should be bonded to 
and groups, at least one of which induces a delocalizing or electron-attracting effect on the 
electron density of the nitrogen atom of the dithiocarbamate function. 

According to a first variant, R and/or R exercise a n-attracting effect. For this purpose, 
R^ and/or R*^ may represent a carbonyl or a (hetero)aromatic group. 

According to a second variant, R^ and/or R"^ exercise a S -attracting effect. For this 
purpose, R^ and/or R^ may represent an alkyl group substituted by electron-attracting groups. 

Regarding the substituent R* of compounds having formula (lA), (IB), (IIA) and (IIB), it 
preferably represents the following: 

- a group having the formula CR^ 'R^^R'^ in which: 

A R^ ^ R^^ and R'^ represent groups (i), (ii) or (iii) as defined above, or 
A R^ ^ = R^^ = H and R^^ is an aryl, alkene or alkyne group, 

- or a -COR^^ group in which R^^ represents a (i), (ii) or (iii) group, such as defined 

above. 

It can specifically be chosen from the following groups: 
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phenyl = phenyl 
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The polymeric precursor having formula (UA) may be obtained by radical polymerization 
of an ethylenically unsaturated monomer having the formula: CXX' (= CV - CV')b = CH2 by 
bringing the said monomer into contact with a radical polymerization initiator and a compound 
having general formula (UIA) or (IV A): 



p is between 2 and 10, preferably between 2 and 5. 

In the general formulas (IIIA) or (IVA), the symbols Z and have the same significance 
as previously. The preferences regarding its symbols are the same as above. 

Among the compounds having formula (IV A), when p = 2, may be chosen from the 
groups - CH2 - phenyl - CH2 - or - (CH2)q -, with q between 2 and 10. 

According to the preferred variants, the compound having formula (IIIA) is chosen from 
those having the following formulas (A) and (E): 
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Similarly, the precursor compound having general formula (IIB) can be obtained by 
radical polymerization of an ethylenically unsaturated monomer having the formula: CXX' (= 
CV - CV')b = CH2 during which the said monomer is put into contact with a radical 
polymerization initiator and a compound having general formula (IIIB), (IVB) or (VB): 
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p being between 2 and 10. 

In the general formulas (lUB), (IVB) or (VB), the symbols R', and R' have the same 
meaning as before. The preferences regarding these symbols are the same as above. 

According to the preferred variants, the compound having formula (EIB) is chosen fron 
compounds having the following formulas: 



26 



wo 99/35177 



PCT/FR98/02867 



The compounds having formula (IIIA) or (IIIB) are generally obtained by reaction of the 
corresponding amine with CS2 so as to obtain salts having the formulas: 



or: 



in which M represents sodium, potassium or lithium. 

This salt is then put into contact with a halogenated derivative Hal-R^ (Hal represents CI, 
Br or I) to give the precursor having formula (IIIA) or (IIIB). 

During the synthesis of the polymeric precursor having formula (IIA) or (IIB), the radical 
polymerization initiators and the ethylenically unsaturated monomers are of the types cited 
previously. 

The complete synthesis procedure of a block polymer having formula (lA) or (IB) 
according to the invention may thus consist of: 

(1) synthesizing a polymer by bringing into contact an ethylenically unsaturated 
monomer having the formula: CXX' (= CV - CV)b = CH2, a radical poljonerization initiator, and 
a compound havmg formula (UIA), (lUB), (IVA), (IVB) or (VB), 

(2) to use this polymer obtained in step (1) as a precursor of general formula (IIA) or 
(IIB) to prepare a diblock polymer by bringing it into contact with a new ethylenically 
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unsaturated monomer having the formula: CYY' (= CW - C W')a = CH2 and a radical 
polymerization initiator. 

This step (2) can be repeated as many times as desired with new monomers to synthesize 
new blocks and to obtain a multiblock polymer. 

As indicated above, for the preparation of precursors having formula (IIA) or (UB) for 
which X = H and X' = NH2, preferably amides of vinylamine are used as ethylenically 
unsaturated monomers, for example, vinylformamide or vinylacetamide. Then the polymer 
obtained is hydrolyzed at an acidic or basic pH. 

Similarly, for the preparation of precursors having formula (IIA) or (IIB), for which X = 
H and X' = OH, preferably vinyl esters of a carboxylic acid are used as etiiylenically unsaturated 
monomers, such as, for example, vinyl acetate. Then the polymer obtained is hydrolyzed at an 
acidic or basic pH. 

According to this principle, thus, the invention also concerns a method of preparation of 
multiblock polymers in which the performance of the procedure described previously is repeated 
at least once, using: 

- different monomers from the previous procedure, and 

- using m place of the precursor compound, as in formula (IIA) or (IIB), the block 
polymer obtained from the preceding procedure. 

If the procedure is repeated once, a triblock polymer will be obtained and if it is repeated 
a second time, a quadriblock polymer will be obtained, and so on. In this way, in each new 
procedure, the product obtamed is a polymer with blocks having additional polymeric blocks. 

Thus, for the preparation of multiblock polymers, the procedure consists in repeatmg the 
previous procedure several times on the block polymer obtained in each of the preceding 
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procedures with different monomers. 

According to this method of preparation of multiblock polymers, if it is desired to obtain 
homogeneous block polymers and not those with a composition gradient and if all the successive 
polymerizations are carried out in the same reactor, it is essential that all the monomers used 
during a step be consumed before the polymerization of the next step begins, thus, before the 
new monomers are introduced. 

The compounds having formula (IV A) and (IVB) are of particular interest because they 
permit growth of a polymer chain on at least two active sites. With this type of compound, it is 
possible to economize in the polymerization steps to obtain a copolymer with n blocks. 

Thus, if p is 2, the first block is obtained by polymerization of a monomer Ml in the 
presence of the compound having formula (IV A) or (IVB). This first block can then grow at 
each of its ends by polymerization of a second monomer M2. In this way, a triblock copolymer 
is obtained. This triblock copolymer itself can grow at each of its ends by polymerization of a 
third monomer M3. Thus, a "pentablock" copolymer is obtained in only three steps. 

If p is greater than 2, the method permits the preparation of homopolymers or copolymers 
with blocks, the structure of which is "multiarmed" or hyperbranched. 

The polymerization is carried out according to any method known to the person skilled in 
the art. It can be carried out in bulk, in solution or in emulsion. The temperature may vary 
between ambient temperature and 150EC according to the nature of the monomers used. The 
procedure is carried out in the absence of a UV source. 

The method according to the invention has the advantage of leading to block polymers 
having a low polydispersity index. 

It also permits control of the molecular weight of the polymers. 
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Thus, the invention is also concerned with block polymers that can be obtained by the 
preceding method. 

In general, these polymers have a polydispersity index (Ip) at most 2, preferably at most 

1.5. 

The preferred block polymers are those having at least two polymeric blocks chosen from 
the following combinations: 

- polystyrene/polymethyl acrylate, 

- polystyrene/polyethyl acrylate, 

- polystyrene/polytertiary butyl acrylate, 

- polyethyl acrylate/polyvinyl acetate, 

- polybutyl acrylate/polyvinyl acetate, 

- polytertiary butyl acrylate/polyvinyl acetate. 

Finally, the method of synthesis of the precursor polymers in general formula (IIA) or 
(IIB) also permits synthesis of polymers having a low polydispersity index. Generally, these 
precursor polymers have a polydispersity index of at most 2, preferably at most 1.5. 

Preferably, for Aese polymeric precursors having general formula (IIA) or (IIB), n is 
greater tiian or equal to 6. 

The following examples illustrate the invention however without limiting its scope. 
EXAMPLES 

1. SYNTHESIS OF PRECURSOR COMPOTINDS HAVINfi FORMULA QIIA) OR 

giiB) 

Example 1.1: Synthesis of the dithiocarbamate of formula (A) 
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In a flask, 17.8 g of 2-ainino-2-methyl-l-propanol are dissolved in 100 mL of a 0.1 M 
sodium ethanolate solution in ethanol. Then, 24 mL of diethylcarbonate is added and the 
solution obtained is agitated for 24 hours. The solvent is then evaporated. After drying, 17.26 g 
of 5,5-dimethyl-2-oxazolidone is obtained in a yield of 75%. 

Fifty % sodium hydride, 5.28 g, is washed with pentane. It is added to a mixture of 
THF/DMSO(100mLTHF/100mLDMSO), This solution is cooled to DEC. Then 1 1.5 g of 
5,5-dimethyl-2-oxazolidone obtained in the first step is added to it. The cooling system is 
interrupted and the reaction mixture is agitated for 1 hour 30 minutes. A white precipitate 
appears then. The temperature is again brought to OEC and 1 equivalent of CS2 (7.6 g) is added. 
The solution becomes red-colored and the agitation is maintained until this reaction medium 
becomes completely clear (approximately 3 hours). The solution is then taken up in water and 
extracted with dichloromethane. 

The aqueous phase is recovered and 50 mL of ethanol and 16.2 mL of diethyl 
chloromalonate is added. Agitation is maintained overnight at ambient temperature and the 
yellow solution obtained is concentrated under vacuum before being taken up in a saturated 
aqueous solution of sodium chloride. Finally, it is extracted with ether. 

Thus, 7.9 g of dithiocarbamate having formula (A) are isolated by column chromatog- 
raphy. The yield is 23%. 

Example 1.2: Synthesis of the dithiocarbamate having formula (B) 

Fifty % sodium hydride, 2.6 g, is washed with pentane. It is then introduced into a 
mixture of THF/DMSO (200 mL of THF/200 mL of DMSO). Then 4.35 g of oxazolidone are 
added and the solution is agitated for one hour at ambient temperature. A white precipitate 
appears. 

The reaction medium is then cooled to -20EC and 3.6 mL of CS2 are added to it. The 
solution becomes orange-colored. It is agitated for 10 minutes at -20EC and then for 2 hours at 
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OEC. The reaction medium is again cooled to -20EC and 4 mL of diethyl chloromalonate are 
added. The solution is agitated for 10 minutes at -20EC, for 1 hour at OEC and for 1 hour at 
^bient temperature. 

The reaction medium is taken up in ether and the organic phase is washed with water, 
then with a saturated sodium chloride solution. 

Thus, 2.6 g of dithiocarbamate with formula (B) are isolated by column chromatography. 
The yield is 23%. 

Example 1.3: Synthesis of the dithiocarbamate having formula C 

Ephedrine, 66 g, is mixed with 72 g of urea. The mixture is heated at 170EC for 30 
minutes and then at 200EC for 2 hours. After cooling to ambient temperature, 200 mL of water 
are added. The white precipitate formed is filtered and washed with a 5% aqueous solution of 
hydrochloric acid, then recrystallized from ethanol. Thus, 28 g of l,5-dimethyl-4-phenyl-2- 
imidazolidone are obtained with a yield of 37%. 

Fifty % sodium hydride, 2.6 g, is washed with pentane and then a mixture of THF/DMSO 
(200 mL THF/200 mL DMSO) is added. Then 9.5 g of l,5-dimethyl-4-phenyl-2-imidazolidone 
previously obtained are added and the solution is agitated for one hour at ambient temperature. 
The reaction medium is then cooled to OEC and 3 mL of CS2 are added to it The solution 
becomes orange. It is agitated at OEC for 2 hours. The reaction medium is taken up in 100 mL 
of water and extracted with dichlorometiiane. 

The aqueous phase is recovered and then 100 mL of ethanol are added, followed by 4 mL 
of diethyl chloromalonate. Agitation is maintained for 2 hours and the reaction medium is taken 
up in ethyl acetate. The organic phase thus obtained is washed with water and then with a 
saturated solution of sodium chloride before being concentrated under vacuum. 

Thus, 4.5 g of tiie dithiocarbamate having formula (C) are isolated by column 
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chromatography. The yield is 42%. 
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Example 1.4: Synthesis of the dithiocarbamate having formula (D) 

Fifty % sodium hydride, 2.6 g, is washed with pentane and then a mixture of THF/DMSO 
(50 mL THF/50 mL DMSO) is added. Then, 5.5 mL of indoline are added to the mixture and the 
solution is agitated for 1 hour at ambient temperature. 

It is then cooled to OEC and 3.6 mL of CS2 are added. The solution becomes orange. It 
is agitated for 2 hours at OEC. The reaction medium is taken up in 100 mL of water and washed 
with dichloromethane. 

The aqueous phase is recovered and 100 mL of ethanol and 6.4 mL of diethyl 
chloromalonate are added. The solution is agitated for 2 hours, then taken up in ether. The 
organic phase thus obtained is washed with water, then with a saturated solution of sodium 
chloride before being concentrated. 

Thus, 1 1 g of the dithiocarbamate having formula (D) are isolated by column 
chromatography in the form of yellow crystals. The yield is 79%. 

Example 1.5: Synthesis of the dithiocarbamate having formula (E) 

5-Methyl-2-pyrrolidone, 1 g, is added to 20 mL of a 1/1 mixture of THF/DMSO. Then, 
0.56 g of potassium hydroxide is added, followed by 1 mL of water and 0.6 mL of CS2. The 
reaction medium is agitated for 1 hour; the solution becomes red-black. 

It is cooled to OEC and 1 mL of dietiiyl chloromalonate is added. The agitation is 
maintained for 30 minutes at OEC and then for 2 hours at ambient temperature. The reaction 
medium is taken up in water and extracted with ethyl acetate. The organic phase is recovered 
and washed with water, then with a concentrated solution of sodium chloride before being 
concentrated in vacuum. 

Thus, 0.86 g of the dithiocarbamate having formula (E) is isolated by column 
chromatography, in the form of a yellow oil. The yield is 26%. 
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Example 1.6: Synthesis of the dithiocarbamate having formula (F) 

Fifty % NaH, 1.76 g (30 mmole) is washed with pentane and then 50 mL of THF and 50 
mL of DMSO are added. This solution is cooled to OEC and then 3.8 g of imidazolidinone (30 
mmole) are added. The cold bath is removed. 

After 1 h 30 min, a white precipitate is formed. The mixtm-e is cooled to 0°C and then 
CS2 . The solution becomes red-colored and the agitation is continued until the solution becomes 
clear (3 hours). 

The solution is then hydrolyzed with water and extracted with dichloromethane. 200 mL 
of acetone are added to the aqueous phase followed by 4.2 g of iodine. 

After 2 hours of agitation at ambient temperature, the solution obtained is yellow; it is 
concentrated under vacuum before being diluted with a saturated solution of NaCl and extracted 
with ether. 

The purification of the crude reaction mixture by column chromatography (heptane/ethyl 
acetate in a ratio of 9/1) permits isolation 4.2 g of dimer. The yield is 67%. 

The dimer, 2 g (5.2 mmole), is dissolved in 10 mL of 1,2-dichloroethane. Then, 1.12 g 
(6.8 mmole) of AIBN is added and the solution is heated under reflux under argon for 6 hours. 
The solvent is then evaporated and the crude reaction mixture is purified by column 
chromatography (dichloromethane/heptane in a ratio of 9/1 and then 7/3). Thus, 2.34 g of the 
dithiocarbamate having formula (F) are obtained, corresponding to a yield of 33%. 

Example 1.7: Synthesis of the dithiocarbamate having formula (G) 

In a flask, 6.8 g of phenylglycinol (50 mmole) are dissolved in 50 mL of a 0.2 M solution 
of EtONa in ethanol (prepared by addition of 10 nmiole of NaH to 50 mL of ethanol). Then, 6 
mL of diethyl carbonate (50 mmole) are added to this solution. The solution is 



35 



wo 99/35177 PCT/FR98/02867 



agitated for 24 hours, the solvent is then evaporated. The residue is diluted in a saturated 
aqueous solution of NaCl and extracted witii e%l acetate. 

After drying and evaporation, the crude reaction mixture is purified by column 
chromatography (dichloromethane/ethyl acetate in a ratio of 95/5). Thus, 4.6 g of oxazolidinone 
are obtained, that is, with a yield of 56%. 

Fifty % NaH, 0.53 g (1 1 mmole), is washed with pentane and then 20 mL of THF and 20 
mL of DMSO are added. Then, 1.6 g of oxazoUdinone (10 mmole) are added. After 30 minutes 
of reaction, 200 mL of ether are added causing the formation of two phases. The upper phase is 
eliminated and the residue is taken up in acetone and then precipitated by addition of ether. The 
upper phase is eliminated again. 

Acetone, 100 mL, is added to the residue, foUowed by 1.12 mL (7 mmole) of diethyl 
chloromalonate. After 3 hours of agitation at ambient temperature, the yellow solution obtained 
is concentrated under vacuum. It is then diluted with a saturated NaCl solution and then 
extracted with ether. 

The crude reaction mixture is purified by column chromatography (heptane/ethyl acetate 
in a ratio of 7/3); thus, 0.94 g of dithiocarbamate having the formula (G) is isolated. The yield is 
33%. 

Example 1.8: Synthesis of the dithiocarbamate of formula (H) 

In a flask, 15.5 g of serine methyl ester hydrochloride (100 nmiole) are dissolved in 140 
mL of water. KHCO3, 10.5 g (105 mmole) is added. After 10 minutes, 14.6 g of K2CO3 are 
added. The solution is cooled to OEC and then 70 mL of phosgene (133 mmole of a 1.9 M 
solution in toluene) are added slowly for 20 minutes. The solution is agitated overnight at 
ambient temperature. Two phases are obtained which are separated; the aqueous phase is 
evaporated and the residue is taken up in ethyl acetate. The organic phase is concentrated to 
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give 14.3 g of intermediate oxazolidinone, that is, a yield of 99% is achieved. 

Oxazolidinone, 1.45 g (10 mmole), is placed into solution in 20 mL of DMF, and then 1.2 
mL (20 mmole) of CS2 are added. The solution is cooled to OEC and then 0.48 g (10 mmole) of 
NaH is added. The solution is agitated for 30 minutes at OEC, and then for 30 minutes at 
ambient temperature. It is again cooled to OEC and then 0.8 mL (5 mmole) of diethyl 
chloromalonate is added. After 30 minutes of agitation at OEC, and then for 30 minutes at 
ambient temperature, the solution is diluted with ethyl acetate. It is then washed with water and 
with brine. The organic phase is concentrated under vacuum. The crude reaction mixture is 
purified by column chromatography (heptane/ethyl acetate in a ratio of 7/3); thus, 1.2 g of the 
dithiocarbamate having formula (H) is isolated. The yield is 64%. 

Example 1.9: Synthesis of the dithiocarbamate of formula (I) 

Cyclohexylamine, 4.6 mL (40 nmiole), in solution in 40 mL of ethyl ether is introduced 
into a flask and 5.5 mL of triethylamine (40 mmole) and 3.5 mL (45 mmole) of methyl 
chloroformate are added. After 3 hours of reaction, the solution is hydrolyzed by the addition of 
water. The organic phase is washed with a 1 N HCl solution, with saturated NaHCOa and then 
with brine. The organic phase is dried over magnesium sulfate and concentrated xmder vacuum 
to give 5.9 g (94%) of the carbamate intermediate. 

This carbamate intermediate, 1.57 g (10 mmole), is dissolved in 20 mL of DMF and then 
1.2 mL (20 mmole) of CS2 are added. The solution is cooled to OEC and 0.48 g (10 mmole) of 
50% NaH are added. After one hour at OEC, the solution containing sodium salt is added to a 
solution of 1.24 mL (9.5 mmole) of ethyl 2-bromopropionate in 20 mL of DMF at OEC. 

After two hours of agitation at ambient temperature, a yellow solution is obtained, which 
is diluted by the addition of ethyl ether and hydrolyzed by the addition of water. The organic 
phase is washed with water and then with brine before being dried and concentrated under 
vacuum. 
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The crude reaction mixture is purified by column chromatography (heptane/ethyl acetate 
in a ratio of 9/1): 1.6 g of the dithiocarbamate having formula (I) are isolated. The yield is 50%. 

Example 1.10: Synthesis of the dithiocarbamate of formula (J) 

The intermediate carbamate, 0.58 g (3 mmole), (prepared fi-om o-toluidine and (Boc)20 
(ditertbutyldicarbonate)) is dissolved in 10 mL of DMF and then 0.35 mL (6 mmole) of CS2 are 
added. The solution is cooled to OEC and 0.144 g (3 mmole) of 50% NaH is added. After one 
hour at OEC, the solution containing the sodium salt is added slowly to a solution of 0.39 mL (3 
mmole) of ethyl-2-bromopropionate in 1 0 mL of DMF at OEC. 

After 2 hours of agitation at ambient temperature, the yellow solution obtained is diluted 
by the addition of ethyl ether and hydrolyzed by the addition of water. The organic phase is 
washed with water and then with brine before being dried and concentrated under vacuum. 

The crude reaction mixture is purified by column [chromatography] (heptane/etfiyl 
acetate in a ratio of 9/1): 0.68 g of the dithiocarbamate having formula (J) is isolated. The yield 
is 61%. 

Example 1.11: Synthesis of the dithiocarbamate of formula (K) 

In a flask placed under argon, 1.3 equivalents of NaH (1.24 g; 26 mmole) are suspended 
in 10 mL of THF. At OEC, 1 equivalent of diphenylamine (3.38 g; 20 mmole) in a solution in a 
mixture of 18 mL of DMSO and 9 mL of THF is added. The color changes to light green. 

After agitation for one hour, 2.36 equivalents of CS2 (2.84 mL; 47.2 mmole) are added; 
flic solution becomes orange-yellow. After agitation for 30 minutes, the solution is cooled to - 
20EC and 1 equivalent of chlorinating agent (3.20 mL; 20 mmole) is added. The solution is 
agitated for two hours at ambient temperature. It is then hydrolyzed, and extracted with etiiyl 
ether, then dried over magnesium sulfate and concentrated under vacuum. 
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The product is isolated- It is in the form of a beige solid (melting point 65EC). The yield 
is 85% without purification. 

Example 1.12: Synthesis of the dithiocarbamate of formula (L) 

In a flask, under argon, 1.3 equivalents of NaH (1.24 g; 26 mmole) are suspended in 10 
mL of THF. Then 1 equivalent of methylphenylamine (2.16 mL; 20 mmole) in solution in a 
mixture of 20 mL of DMSO and 10 mL of THF are added dropwise at ambient temperature. The 
mixture is heated under THF reflux for 10 minutes. The color changes to yellow-green. 

After one hour of agitation, 2.36 equivalents of CS2 (2.84 m[L?]; 47.2 mmole) are added 
at OEC. The solution then becomes brown-red. After agitation for 30 minutes, the solution is 
cooled to -15EC and 1 equivalent of chlorinating agent (3.20 mL; 20 mmole) is added. The 
solution becomes brown-yellow. It is agitated for two hours at ambient temperature. It is then 
hydrolyzed and extracted with ethyl ether, then dried over magnesium sulfate and concentrated 
under vacuum. 

After purification by column chromatography (heptane/ethyl acetate 9/1), 4.42 g of the 
product are isolated. It is in the form of a yellow oil. The yield is 70%. 

2. PREPARATION OF HOMOPOLYMERS HAVING FORMULA (IIA) OR (HB) 

These examples demonstrate that the radical polymerization is controlled with the 
utilization of precursors having general formula (III). The nature of the control of reaction 
appears through the values of the polymolecularity indices Ip = Mw/Mn, being less than 1.5, and 
by values of the number-average molecular weight Mn being close to the theoretical values and 
expressed by the following formula: 

Mm X 

Mn = mmole 

MplOO 
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with: Mn: moles of monomer 

Mp: moles of precursor having formula (III) 
x: conversion of the monomer (%) 
mmole: molecular weight of the monomer (g/mole) 



Example 2.1: Styrene horaopolymer 

The following are introduced into a 10 mL flask: 

1 mmole of dithiocarbamate having formula (A) (0.35 g), and 
40 mmole of styrene (4. 1 6 g). 

The temperature is brought to 95EC and 0.03 mmole of lauroyl peroxide (12.8 mg) are 
added. The polymerization takes 12 hours during which 0.02 mmole of lauroyl peroxide is 
added every two hours. 

The polymer is recovered by evaporation of traces of residual monomer and is analyzed 
by GPC in a THF medium and in polystyrene equivalents. 

The GPC analysis of the homopolymer obtained above permits measurement of its 
number-average molecular weight Mn. It also permits measurement of its weight-average 
molecular weight (Mw) and thus the polydispersity index Ip, corresponding to the ratio of Mw 
over Mn. 



The results are the following: 

rate of conversion: 43%, 

average molecular weight Mn = 3 500, 

polydispersity index Ip = 1 . 1 . 



Example 2.2: Methyl acrylate homopolymer 

The following are introduced into a flask: 

1 mmole of dithiocarbamate having formula (A) (0.35 g), and 
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40 mmole of methyl acrylate (3.44 g). 

The temperature is brought to 80EC and 0.03 mmole of lauroyl peroxide are added (12.8 
mg). The polymerization takes 6 hours during which 0.02 mmole of lauroyl peroxide is added 
every two hours. 

The polymer is recovered by evaporation of the traces of residual monomer under 
vacuum and is analyzed by GPC in a THF medium in equivalents of polystyrene: 
rate of conversion: 77% 
average molecular weight Mn = 3000, 
polydispersity index Ip = 1 . 1 . 

Example 2.3: Styrene homopolymer/polymerization kinetics 

A stock solution is prepared by mixing: 
5.504 g of styrene, 

0.231 g of dithiocarbamate having formula (A), and 
1 1 .4 mg of azo-bis-isobutyronitrile (AIBN). 

Aliquots of approximately 0.9 g of this solution are distributed into test tubes and brought 
to 70EC. The polymerization in the different test tubes is stopped at different times by cooling 
and introduction of 4 mL of toluene containing 25 mg of hydroquinone. 

For each tube, the polymer is recovered by evaporation of the toluene and of the residual 
monomer; it is analyzed by GPC in a THF medium. The weights are given in polystyrene 
equivalents. The results obtained are summarized in Table 1. 
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Table 1 



time (min) 


conversion (%) 


Mn 


Ip 


63 


6.6 


770 


(*) 


126 


14.4 


1260 


(*) 


240 


27.4 


1700 


1.2 


359 


37.2 


2200 


1.2 


1443 


80.0 


4400 


1.2 



(*) A part of the distribution of the weights is during calibration; therefore, the calculation of the polydispersity 
is not possible for these samples. 



Example 2.4: Homopolymer of ethyl acrylate/polymerization kinetics 

A stock solution is prepared by mixing: 
5.533 g of ethyl acrylate, 

0.24 1 g of dithiocarbamate having formula (A), and 
- 11 .3 mg of azo-bis-isobutyronitrile (AIBN). 

Aliquots of approximately 10 g of this solution are distributed into test tubes and brought 
to 70EC. The polymerization in the tubes is stopped at different times by cooling and 
introduction of 4 mL of toluene containing 25 mg of hydroquinone. 

For each tube, the polymer is recovered by evaporation of the toluene and of the residual 
monomer; it is analyzed by GPC in a THF medium. The weights are given in polystyrene 
equivalents. The results obtained are summarized in Table 2. 
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Table 2 



time (min) 


conversion (%) 


Mn 


Ip 


31 


1.9 


323 


(*) 


49 


15.6 


2100 


1.7 


101 


50.6 


4300 


1.6 


150 


63.5 


5300 


1.5 


211 


77.2 


5900 


1.6 



(*) A part of the distribution of the weights is during calibration; therefore, the calculation of the polydispersity index 
is not possible for this sample. 



Example 2.5: Styrene homopolymer 

The following are introduced into a flask: 
2.23 g of styrene, 

84.5 mg of dithiocarbamate having formula (B), and 
4.2 mg of lauroyl peroxide. 

The temperature is brought to 1 lOEC. The reaction takes 24 hours during which several 
additions of lauroyl peroxide are made: 
4.7 mg after 2 hours, 
4. 1 mg after 4 hours. 

The polymer is recovered by evaporation of the traces of residual monomer xmder 
vacuum and analyzed by GPC in a THF medium and in polystyrene equivalents: 
rate of conversion: 98.1% 
average molecular weight Mn = 8500, 
polydispersity index Ip = 1 .3. 



43 



wo 99/35177 



PCT/FR98/02867 



Example 2.6: Ethyl acrylate homopolymer 

The following are introduced into a flask: 
2 . 1 3 g of ethyl acrylate, 

84.5 mg of dithiocarbamate having formula (B), and 
4.5 mg of lauroyl peroxide. 

The temperature is brought to 80EC. The reaction takes 24 hours during which several 
additions of lauroyl peroxide are made: 
5.0 mg after 2 hours, 
3.8 mg after 4 hours. 

The polymer is recovered by evaporation of the traces of residual monomer under 
vacuum and analyzed by GPC in a THF medium and in polystyrene equivalents: 
rate of conversion: 97.5%, 
average molecular weight Mn = 10,700, 
polydispersity index Ip = 1 .2. 



Example 2.7: Vinyl acetate homopolymer 

The following are introduced into a flask: 
1 .82 g of vinyl acetate, 

85. 1 mg of dithiocarbamate having formula (B), and 
8.8 mg of lauroyl peroxide. 



The temperature is brought to 80EC. 
additions of lauroyl peroxide are made: 
8.1 mg after 2 hours, 
8.0 mg after 4 hours. 



The reaction takes 24 hours during which several 



The polymer is recovered by evaporation of traces of residual monomer under vacuum 
and analyzed by GPC in a THF medium and in polystyrene equivalents: 
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rate of conversion: 59.2%, 

average molecular weight Mn = 4600, 

polydispersity index Ip = 2.0. 

Example 2.8: Styrene homopolymer 

The following are introduced into a flask: 
2.24 g of styrene, 

0. 113 g of dithiocarbamate having formula (C), and 

4.5 mg of lauroyl peroxide. 

The temperature is brought to 1 lOEC. The reaction takes 24 hours during which several 
additions of lauroyl peroxide are made: 
4.7 mg after 2 hours, 

3.6 mg after 4 hours. 

The polymer is recovered by evaporation of traces of residual monomer under vacuum 
and analyzed by GPC in a THF medium in polystyrene equivalents: 
rate of conversion: 98.0%, 
average molecular weight Mn = 7600, 
polydispersity index Ip = 1 .6. 

Example 2.9: Ethyl acrylate homopolymer 

The following are introduced into a flask: 
2. 1 3 g of ethyl acrylate, 

0. 1 1 5 g of dithiocarbamate having formula (C), and 
4.3 mg of lauroyl peroxide. 

The temperature is brought to 80EC. The reaction takes 24 hours during which several 
additions of lauroyl peroxide are made: 
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4.6 mg after 2 hours, 
4.9 mg after 4 hours. 

The polymer is recovered by evaporation of traces of residual monomer under vacuum 
and is analyzed by GPC in a THF medium in polystyrene equivalents: 
rate of conversion: 95.2%, 
average molecular weight Mn = 8600, 
polydispersity index Ip = 1 .4. 

Example 210: Vinyl acetate homopolymer 

The following are introduced into a flask: 
1 . 84 g of vinyl acetate, 

0. 1 1 2 g of dithiocarbamate having formula (C), and 
8.3 mg of lauroyl peroxide. 



The temperature is brought to 80EC. 
additions of lauroyl peroxide are made: 
8.8 mg after 2 hours, 
8.0 mg after 4 hours. 



The reaction takes 24 hours during which several 



The polymer is recovered by evaporation of traces of residual monomer under vacuum 
and is analyzed by GPC in a THF medium in polystyrene equivalents: 
rate of conversion: 33%, 
average molecular weight Mn = 2500, 
polydispersity index Ip = 1 .4. 

Example 2.11: Styrene homopolymer 

The following are introduced into the flask: 
2.23 g of styrene, 

95.1 mg of dithiocarbamate having formula (D), and 
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4. 1 mg of lauroyl peroxide. 

The temperature is brought to 1 lOEC. The reaction takes 24 hours, during which several 
additions of lauroyl peroxide are made: 

4.2 mg after 2 hours, 
3.9 mg after 4 hours. 

The polymer is recovered by evaporation of traces of residual monomer under vacuum 
and is analyzed by GPC in a THF medium in polystyrene equivalents: 
rate of conversion: 97.6%. 
average molecular weight Mn = 6800, 
polydispersity index Ip = 2.0. 

Example 2.12: Ethyl acrylate homopolymer 

The following are introduced into a flask: 
2. 1 5 g of ethyl acrylate, 

98.7 mg of dithiocarbamate having formula (D), and 
4. 1 mg of lauroyl peroxide. 

The temperature is brought to 80EC. The reaction takes 24 hours, during which several 
additions of lauroyl peroxide are made: 
4.5 mg after 2 hours, 
4. 1 mg after 4 hours. 

The polymer is recovered by evaporation of traces of residual monomer under vacuum 
and analyzed by GPC in a THF medium in polystyrene equivalents: 
rate of conversion: 91.8%. 
average molecular weight Mn = 7900, 
polydispersity index Ip = 1 .6. 
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Example 2.13: Styrene homopolymer 

The following are introduced into a flask: 
2.23 g of styrene, 

87 mg of dithiocarbamate having formula (E), and 
4.0 mg of lauroyl peroxide. 

The temperature is brought to 1 lOEC. The reaction takes 24 hours, during which several 
additions of lauroyl peroxide are made: 
4.6 mg after 2 hours, 
4.6 mg after 4 hours. 

The polymer is recovered by evaporation of traces of residual monomer under vacuum 
and analyzed by GPC in a THF medium and in polystyrene equivalents: 
rate of conversion: 97.1%. 
average molecular weight Mn = 8300, 
polydispersity index Ip = 1 .4. 

Example 2.14: Ethyl acrylate homopolymer 

The following are introduced into a flask: 
2. 13 g of ethyl acrylate, 

88.5 mg of dithiocarbamate having formula (E), and 
4.0 mg of lauroyl peroxide. 

The temperature is brought to 80EC. The reaction takes 24 hours, during which several 
additions of lauroyl peroxide are made: 
4.5 mg after 2 hours, 
4.5 mg after 4 hours. 

The polymer is recovered by evaporation of traces of residual monomer under vacuum 
and analyzed by GPC in a THF medium and in polystyrene equivalents: 
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rate of conversion: 94.4%, 

average molecular weight Mn = 9700, 

polydispersity index Ip = 1 .2. 

Example 2.15: Vinyl acetate homopolymer 

The following are introduced into a flask: 
1 .83 g of vinyl acetate, 

97.4 mg of dithiocarbamate having formula (E), and 
8. 1 mg of lauroyl peroxide. 



The temperature is brought to 80EC. 
additions of lauroyl peroxide are made: 
8.5 mg after 2 hours, 
8.3 mg after 4 hours. 



The reaction takes 24 hours during which several 



The polymer is recovered by evaporation of traces of residual monomer under vacuum 
and is analyzed by GPC in a THF medium in polystyrene equivalents: 
rate of conversion: 23.4%, 
average molecular weight Mn = 2 1 00, 
polydispersity index Ip = 1 .35. 

Example 2.16: Vinyl acetate homopolymer 

The following are introduced into a glass tube: 
0.015 mmole of AIBN (2.4 mg), 
10 mmole of ethyl acrylate (1 g), and 
0.13 nmiole of dithiocarbamate having formula (F) (33.8 mg). 

The tube is closed with a screw stopper and is then immersed into an oil bath preheated 
to 80EC. The polymerization takes 24 hours. 
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The polymer is recovered by evaporation of traces of residual monomer and is 
analyzed by GPC in a THF medium in polystyrene equivalents. The results obtained are the 
following: 

rate of conversion: 61%, 

number-average molecular weight Mn = 5600, 

polydispersity index Ip = 1.4. 

Example 2«17: Styrene homopolymer 

The following are introduced into a glass tube: 
0.014 mmole of AIBN (2.3 mg), 
10 mmole of styrene (1.03 g), and 

0.12 mmole of dithiocarbamate having formula (F) (32 mg). 

The tube is closed with a screw stopper and is then immersed in an oil bath preheated to 
1 15EC. The polymerization takes 24 hours. 

The polymer is recovered by evaporation of traces of residual monomer and is analyzed 
by GPC in a THF medium and in polystyrene equivalents. The results obtained are the 
following: 

rate of conversion: 95%, 

number-average molecular weight Mn = 7200, 

polydispersity index Ip = 1 . 1 9. 

Example 2.18: Methyl methacrylate homopolymer 

The following are introduced into a glass tube: 
0.012 mmole of AIBN (2 mg), 
10 mmole of ethyl acrylate (1 g), 

0. 1 2 mmole of dithiocarbamate having formula (F) (31.7 mg), and 
1 g of methylethyl ketone. 
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The tube is closed with a screw stopper and is then immersed in an oil bath preheated to 
80EC. The polymerization takes 24 hours. 

The polymer is recovered by evaporation of traces of residual monomer and is analyzed 
by GPC in a THF medium and m polystyrene equivalents. The results obtained are the 
following: 

rate of conversion: 96%, 

number-average molecular weight Mn = 13 ,900, 

polydispersity index Ip = 1 .64. 

Example 2,19: Vinyl acetate homopolymer 

The following are introduced into a glass tube: 
0.026 mmole of AIBN (2 mg), 
10 mmole of vinyl acetate (0.86 g), and 
0.12 mmole of dithiocarbamate having formula (G) (48 mg). 

The tube is closed with a screw stopper and is then immersed mto an oil bath preheated 
to 80EC. The polymerization takes 24 hours. 

The polymer is recovered by evaporation of traces of residual monomer and is 
analyzed by GPC in a THF medium in polystyrene equivalents. The results obtained are the 
following: 

rate of conversion: 21%, 

number-average molecular weight Mn = 1 140, 

polydispersity index Ip = 2.32. 

Example 2.20: Ethyl acrylate homopolymer 

The following are introduced into a glass tube: 
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0.013 mmole of AIBN (2.1 mg), 

10 mmole of ethyl acrylate (1 g), and 

0. 12 mmole of dithiocarbamate having formula (G) (48 mg). 

The tube is closed with a screw stopper and is then immersed into an oil bath preheated 
to 80EC. The polymerization takes 24 hours. 

The polymer is recovered by evaporation of traces of residual monomer and is analyzed 
by GPC in a THF medium in polystyrene equivalents. The results obtained are the following: 
rate of conversion: 62%, 
number-average molecular weight Mn = 7500, 
polydispersity index Ip = 1 .39. 

Example 2.21: Styrene homopolymer 

The following are introduced into a glass tube: 
0.013 mmole of AIBN (2.1 mg), 
1 0 mmole of styrene ( 1 .04 g), and 

0.12 mmole of dithiocarbamate having formula (G) (48 mg). 

The tube is closed with a screw stopper and is then immersed into an oil bath preheated 
to 1 15EC. The polymerization takes 24 hours. 

The polymer is recovered by evaporation of traces of residual monomer and is analyzed 
by GPC in a THF medium in polystyrene equivalents. The results obtained are the following: 
rate of conversion: 95%, 
number-average molecular weight Mn = 5300, 
polydispersity index Ip = 1 .28. 

Example 2.22: Vinyl acetate homopolymer 
The following are introduced into a glass tube: 
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0.026 mmole of AIBN (4.2 mg), 

1 0 mmole of vinyl acetate (0.86 g), and 

0.13 mmole of dithiocarbamate having fonnula (H) (48 mg). 

The tube is closed with a screw stopper and is then immersed into an oil bath preheated 
to 80EC. The polymerization takes 24 hours. 

The polymer is recovered by evaporation of traces of residual monomer and is analyzed 
by GPC in a THF medium in polystyrene equivalents. The results obtamed are the following: 
rate of conversion: 60%, 
number-average molecular weight Mn = 4700, 
polydispersity index Ip = 1 .9 1 . 

Example 2.23: Ethyl acrylate homopolymer 

The following are introduced into a glass tube: 
0.013 mmole of AIBN (2.1 mg), 
10 mmole of ethyl acrylate (1 g), and 
0. 1 3 mmole of dithiocarbamate having formula (H) (48 mg). 

The tube is closed with a screw stopper and is then rannersed into an oil batfi preheated 
to 80EC. The polymerization takes 24 hours. 

The polymer is recovered by evaporation of traces of residual monomer and is analyzed 
by GPC m a THF medium in polystyrene equivalents. The results obtained are the following: 
rate of conversion: 72%, 
number-average molecular weight Mn = 6000, 
polydispersity index Ip = 1 .48. 

Example 2.24: Styrene homopolymer 

The following are introduced into a glass tube: 



54 



wo 99/35177 



PCT/FR98/02867 



0.013 mmole of AIBN (2.1 mg), 
10 mmole of styrene (1.04 g), and 

0. 12 mmole of dithiocarbamate having formula (H) (48 mg). 

The tube is closed with a screw stopper and is then immersed into an oil bath preheated 
to 1 lOEC. The polymerization takes 24 hours. 

The polymer is recovered by evaporation of traces of residual monomer and is analyzed 
by GPC in a THF medium in polystyrene equivalents. The results obtained are the following: 
rate of conversion: 87%, 
number-average niolecular weight Mn = 8200, 
polydispersity index Ip = 1 .23. 

Example 2.25: Vinyl acetate homopolymer 

The following are introduced into a glass tube: 
0.003 mmole of AIBN (0.6 mg), 
10 mmole of vinyl acetate (1 g), and 
0. 14 mmole of dithiocarbamate having formula (I) (48 mg). 

The tube is connected to a vacuum ramp, immersed into liquid nitrogen and then three 
cycles of "freezing/vacuum/retum to ambient" are performed on the contents of the tube in order 
to degas it. This is then sealed under vacuum. After return to ambient temperature, it is 
immersed into an oil bath preheated to 80EC. The polymerization takes 28 hours. 

The polymer is recovered by opening the tube and then evaporation of traces of residual 
monomer. It is analyzed by GPC in THF medium and in polystyrene equivalents. The results 
are the following: 

rate of conversion: 6.6%, 

number-average molecular weight Mn = 890, 
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polydispersity index Ip = 1 .24. 



Example 2.26: Ethyl acrylate homopolymer 

The following are introduced into a glass tube: 
0.003 mmole of AIBN (0.6 mg), 
10 mmole of ethyl acrylate (1 g), and 
0. 1 3 mmole of dithiocarbamate having formula (I) (42 mg). 

After filling, the tube is degassed and sealed under vacuum analogously to Example 2.25. 
The polymerization takes 64 hours at 80EC. 

The polymer is recovered by evaporation of traces of residual monomer and is analyzed 
by GPC in a THF medium and in polystyrene equivalents. The results are the following: 
rate of conversion: 69%, 
number-average molecular weight Mn = 9500 
polydispersity index Ip = 1 .2 

Example 2.27: Styrene homopolymer 

The following are introduced mto a glass tube: 
9.6 mmole of styrene (1 g), and 

0.12 mmole of dithiocarbamate having formula (I) (40.2 mg). 

After filling, the tube is degassed and sealed under vacuum analogously to Example 2.25. 
The polymerization takes 72 hours at 1 lOEC. 

The polymer is recovered by evaporation of traces of residual monomer and is analyzed 
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by GPC in a THF medium and in polystyrene equivalents. The results are the following: 
rate of conversion: 70%, 
number-average molecular weight Mn = 6200 
polydispersity index Ip = L 14. 
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Example 2.28: Vinyl acetate homopolymer 

The following are introduced into a glass tube: 
0.003 mmole of AIBN (0.6 mg), 
10 mmole of vinyl acetate (1 g), and 
0. 1 5 mmole of dithiocarbamate having formula (J) (56 mg). 

After filling, the tube is degassed and sealed under vacuum analogously to Example 2.25. 
The polymerization takes 27 hours at 80EC. 

The polymer is recovered by evaporation of traces of residual monomer and is analyzed 
by GPC in a THF medium and in polystyrene equivalents. The results are the following: 
rate of conversion: 25.7%, 
number-average molecular weight Mn = 2200 
polydispersity index Ip = 1.66. 

Example 2.29: Ethyl acrylate homopolymer 

The following are mtroduced into a glass tube: 
0.003 mmole of AIBN (0.6 mg), 
10 mmole of ethyl acrylate (1 g), and 
0.13 mmole of dithiocarbamate having formula (J) (48 mg). 

After filling, the tube is degassed and sealed under vacuum analogously to Example 10. 
The polymerization takes 64 hours at 80EC. 

The polymer is recovered by evaporation of traces of residual monomer and is analyzed 
by GPC in a THF medium and in polystyrene equivalents. The results are the following: 
rate of conversion: 76%, 
number-average molecular weight Mn = 6700 
polydispersity index Ip = 1 .2. 
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Example 230: Vinyl acetate homopolymer 

The following are introduced into a glass tube: 
0.016 mmole of AIBN (2.7 mg), 
50 mmole of vinyl acetate (4.3 g), and 
0.62 mmole of dithiocarbamate having formula (K) (25 1 mg). 

After filling, the tube is degassed and sealed under vacuum analogously to Example 2.25. 
The polymerization takes 41 hours at 80EC. 

The polymer is recovered by evaporation of traces of residual monomer and is analyzed 
by GPC in a THF medium and in polystyrene equivalents. The results are the following: 
rate of conversion: 47.8%, 
number-average molecular weight Mn = 5000 
polydispersity index Ip = 1 .43 . 

Example 231: Ethyl acrylate homopolymer 

The following are introduced into a glass tube: 

0.003 mmole of AIBN (0.56 mg), 
- 10 mmole of ethyl acrylate (1 g), and 

0.12 mmole of dithiocarbamate having formula (K) (50 mg). 

After filling, the tube is degassed and sealed under vacuum analogously to Example 2.25. 
The polymerization takes 21 hours at 80EC. 

The polymer is recovered by evaporation of traces of residual monomer and is analyzed 
by GPC in a THF medium and in polystyrene equivalents. The results are the following: 
rate of conversion: 67%, 
number-average molecular weight Mn = 5900 
polydispersity index Ip = 1.22. 
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Example 232: Styrene homopolymer 

The following are introduced in a flask: 

0.026 mmole of lauroyl peroxide (4.3 mg), 

21 .3 mmole of styrene (2.22 g), and 

0.27 mmole of dithiocarbamate having formula (K) (108 mg). 

A condenser is placed on top of the flask under a current of nitrogen and the flask is 
immersed into an oil bath, preheated to 11 SEC. Two new additions of lauroyl peroxide are made 
at the end of 2 and 4 hours of reaction (0.026 mmole each time). The reaction is stopped after 24 
hours. 

The polymer is recovered by evaporation of traces of residual monomer and is analyzed 
by GPC in a THF medium and in polystyrene equivalents. The results are the following: 
rate of conversion: 98%, 
number-average molecular weight Mn = 6700 
polydispersity index Ip = 1 .7. 

Example 2.33: Vinyl acetate homopolymer 

The following are introduced into a glass tube: 
0.004 mmole of AIBN (0.6 mg), 
11 ,6 mmole of vinyl acetate (1 g), and 

0. 146 mmole of dithiocarbamate having formula (K) (49.8 mg). 

After filling, tiie tube is degassed and sealed under vacuum analogously to Example 2.25. 
The polymerization t^es 100 hours at 60EC. 

The polymer is recovered by ev^oration of traces of residual monomer and is analyzed 
by GPC in a THF medium and in polystyrene equivalents. The results are the following: 
rate of conversion: 71.4%, 
number-average molecular weight Mn = 5400 



60 



wo 99/35177 



PCT/FR98/02867 



polydispersity index Ip = 1 .29. 

3. SYNTHESIS OF BLOCK COPOLYMERS HAVING FORMULA (lA) 
Example 3,1: Block copolymer p(AEt-b-St) 

A stock solution is prepared from: 
4.01 g of ethyl acrylate, 

0. 1 76 g of dithiocarbamate having formula (A), and 
8.8 mg of AIBN. 

Then 1 .06 g of this solution is introduced into a flask, the temperature is brought to 
70EC. The polymerization takes 24 hours after which the traces of residual monomer are 
eliminated by evaporation. 

A small fraction of the polymer obtained is taken and analyzed by GPC in a THF medium 
and in polystyrene equivalents: 

rate of conversion: 81.5%, 

average molecular weight Mn = 7300, 

polydispersity index Ip = 1 .4. 

The following are introduced into the flask: 
2.08 g of styrene, and 
4.4 mg of AIBN. 

The temperature is brought to 70EC. The polymerization takes 40 hours. 

The traces of residual monomer are eliminated by evaporation and the copolymer is 
analyzed by GPC in a THF medium ^d in polystyrene equivalents: 
rate of conversion: 93.8%, 
average molecular weight Mn = 20, 1 00, 
polydispersity index Ip = 1 .2. 
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Example 3.2: Block copolymer p(AEt-b-AVM) 

The stock solution prepared in Example 3.1, 1.38 g, is introduced into a flask. The 
temperature is brought to 70EC, The polymerization takes 24 hours at the end of which the 
traces of residual monomer are eliminated by evaporation. 

A small fraction of the polymer obtained is taken and analyzed by GPC in THF medium 
and in polystyrene equivalents: 

rate of conversion: 72.4%, 

average molecular weight Mn = 5 1 00, 

polydispersity index Ip = 1 .4. 

The following are introduced into a flask: 
1 .72 g of vinyl acetate and 
4.2mgofAIBN. 

The temperature is brought to 70EC. The polymerization takes 40 hours. 

The traces of residual monomer are eliminated by evaporation and the copolymer is 
analyzed by GPC in a THF medium and in polystyrene equivalents: 
rate of conversion: 15.6%, 
average molecular weight Mn = 7200, 
polydispersity index Ip = 1 .5. 

Example 3.3: Block copolymer p(St-b-AEt) 

A stock solution is prepared starting from: 
4.01 g of styrene, 

0.168 g of dithiocarbamate having formula (A), and 
8.3mgofAIBN. 

Then 1.00 g of this solution is taken and introduced into a flask. The temperature is 
brought to 70EC. The polymerization takes 24 hours at the end of which the traces of residual 
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monomer are elimdnated by evaporation. 

A small fraction of the polymer obtained is taken and analyzed by GPC in a THF medium 
and in polystyrene equivalents: 

rate of conversion: 86.9%, 

average molecular weight Mn = 4500, 

polydispersity index Ip = 1 .3 . 

The following are introduced into the flask: 
1 .92 g of ethyl acrylate, and 
3.7mgof AIBN. 

The temperature is brought to 70EC. The polymerization takes 40 hours. 

The traces of residual monomer are eliminated by evaporation and the copolymer is 
analyzed by GPC in a THF medium and in polystyrene equivalents: 
rate of conversion: 94.8%, 
average molecular weight Mn = 14,100, 
polydispersity index Ip = 1.7. 

Example 3.4: Block copolymer p(AEt-b-St) 

A stock solution is prepared from: 
7.5 mL of ethyl acrylate, 
3.9 mg of AIBN (2.4A10'^ mole). 

Then, 1.08 mL of this solution is introduced into a glass tube. Then 50.5 mg (1.25A10"^ 
mole) of precursor havmg formula K are added. The content of the tube is degassed through 
three cycles of "freezing-vacuum-retum to ambient", then sealed under vacuum. The tube is 
placed into an oil bath maintamed at 80EC for 21 hours. At the end of the reaction, the tube is 
opened and the monomer residues are eliminated by evaporation under vacuum. 
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The characteristics of the polymer obtained are the following: 
rate of conversion: 67.4%, 
average molecular weight Mn: 5500 
polydispersity index Ip = 1.22. 

The following are introduced into a glass tube: 
0.75 g of styrene, 
1 mL of toluene, 
1.65mgof AIBN, 

0.5 g of ethyl polyacrylate obtained above. 

After degassing identical to that described above, the tube is sealed under vacuum. After 
72 hours at 1 lOEC, the tube is opened and the residues of monomer are eliminated by 
evaporation under vacuum. 

The characteristics of the copolymer obtained are the following: 
rate of conversion: 49.4%, 
average molecular weight Mn: 8500, 
polydispersity index Ip = 1 .34. 

Example 3.5 Block copolymer p(A£t-b-St) 

A stock solution is prepared from: 
5.4 mL of ethyl acrylate, 
3 mg of AIBN (2.4A10"^ mole). 

Then, 1.08 mL of this solution is introduced into a glass tube. Then 41.8 mg (1.1 AlO"^ 
mole) of the precursor having formula I are added. The content of the tube is degassed through 
three cycles of "freezing- vacuum-retum to ambient" and then sealed under vacuum. The tube is 
then placed into an oil bath maintained at 80EC for 21 hours. At the end of the reaction, the tube 
is opened and the monomer residues are eliminated by evaporation under vacuum. 
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The characteristics of the polymer obtained are the following: 
rate of conversion: 69.7%, 
average molecular weight Mn: 7050, 
polydispersity index Ip = 1 .2. 

The following are introduced into a glass tube: 
1 g of styrene, 
1 mL of toluene, 
2mgofAIBN, 

0.72 g of ethyl polyacrylate obtained above. 

After a degassing identical to the above, the tube is sealed under vacuum. After 72 hours 
at 1 lOEC, the tube is opened and the residues of the monomer are eliminated by evaporation 
under vacuum. 

The characteristics of the copolymer obtained 2u:e the following: 
rate of conversion: 26.1%, 
average molecular weight Mn: 12,900, 
polydispersity index Ip = 1 .29. 
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PATENT CLAIMS 

1. Method for the preparation of block polymers having the general formula (lA) or (IB): 



in which: 

- represents: 

• (i) an alkyl, acyl, aryl, alkene or alkyne group optionally substituted or 

• (ii) a carbon ring, saturated or not, optionally substituted, or an aromatic ring, or 

• a heterocycle (iii), saturated or not, optionally substituted or aromatic, 

these groups and rings (i), (ii) and (iii) being possibly substituted by substituted phenyl 
groups, substituted aromatic groups or alkoxycarbonyl or aryloxycarbonyl (-COOR), 
carboxyl (-COOH), acyloxy (-O2CR), carbamoyl (-CONR2), cyano (-CN), alkylcarbonyl, 
alkylarylcarbonyl, arylcarbonyl, arylalkylcarbonyl, phthalimido, maleimido, succinimido, 
amidino, guanidino, hydroxyl (-0H), amino (-NR2), halogen, allyl, epoxy, alkoxy (-OR), 
S-alkyl, S-aryl, organosilyl groups, groups having a hydrophilic or ionic nature, such as 
the alkali salts of carboxylic acids, the alkali salts of sulfonic acid, polyaUcylene oxide 
chains (FOE, POP), and cationic substituents (quaternary ammonium salts), 
R representing an alkyl or aryl group, 

- Z is a ring optionally substituted, comprising a nitrogen atom through which Z is bonded to the 
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C(=S)-S- group of formula (lA), while the other atoms of the said ring inducing a delocalizing or 
electron-attracting effect on the electron density of the nitrogen atom, 

- and R^, identical or different, represent: 

• (i) an alkyl, acyl, aryl, alkene or alkyne group, optionally substituted, or 

• (ii) a carbon ring, saturated or not, optionally substituted, or an aromatic ring, or 

• (iii) a heterocycle, saturated or not, optionally substituted, 
these groups and rings (i), (ii) and (iii) can be substituted by: 

A substituted phenyl groups or aromatic substituted groups, 
A the groups: alkoxycarbonyl or aryloxycarbonyl (-COOR), carboxyl (-COOH), 
acyloxy (-O2CR), carbamoyl (-CONR2), cyano (-CN), alkylcarbonyl, alkylarylcarbonyl, 
arylcarbonyl, arylalkylcarbonyl, phthalimido, maleimido, succinimido, amidino, 
guanidino, hydroxyl (-OH), amino (-NR2), halogen, allyl, epoxy, alkoxy (-OR), S-alkyl, 
S-aryl, 

A groups having a hydrophilic or ionic nature, such as the alkali salts of 
carboxylic acids, the alkali salts of sulfonic acid, polyalkylene oxide chains (POE, POP), 
the cationic substituents (quaternary ammonium saUs), 
R representing an alkyl or aryl group, 
and, for at least R^ or R^ these groups and rings (i), (ii) and (iii) induce a delocalization or 
electron-attracting effect on the electron density of the nitrogen atom to which R^ and R^ are 
bonded, 

- V, V, W and W*, identical or different, represent: H, an alkyl group or halogen, 

- X, X', Y and Y', identical or different, represent H, a halogen or a group chosen from R', OR, 
OCOR', NHCOH, OH, NH2, NHR, N(R)2, (R)2N^O-, NHCOR', CO2H, CO2R, CN, CONH2, 
CONHR or CONR'2, in which R is chosen from the alkyl, aryl, aralkyl, alkaryl, alkene or 
organosilyl groups, optionally perfluorinated and optionally substituted by one or several 
carboxyl, epoxy, hydroxyl, alkoxy, amino, halogen or sulfonic acid groups, 
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- a and b, identical or different, have a value of 0 or 1, 

- m and n, identical or different, are greater than or equal to 1, and when one or the other is 
greater than 1, the repeating units are identical or different, 

method in which the following are brought into contact: 

- an ethylenically unsaturated monomer having the formula: CYY*(=CW-CW)a=CH2, 

- a precursor compound having general formula (IIA) or (IIB): 



in which Z, X, X*, V, V, R\ and have the same meaning, and b and n have the same value, 
as before, 

- a radical polymerization initiator. 

2. Method according to Claim 1, characterized by the fact that the ethylenically unsaturated 
monomer is chosen from: styrene or its derivatives, butadiene, chloroprene, (meth)acrylic esters 
and vinyl nitriles. 

3. Method according to Claim 1 or 2, characterized by the fact that, in the compounds 
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having formula (lA) and (IIA), the ring Z is a ring based on carbon atoms. 

4. Method according to any of the preceding Claims, characterized by the fact that the ring 
Z has at least one heteroatom other than the nitrogen, which bonds the ring Z to C(=S)S, this 
heteroatom being chosen from O, S, N and/or P. 

5. Method according to any of the preceding Claims, characterized by the fact that in the 
compounds having formula (lA) and (UA), the ring Z is an aromatic ring. 

6. Method according to any of the preceding Claims, characterized by the fact that, in the 
compounds having formula (lA) and (IIA), the ring Z has at least one of the foUowmg functional 
groups: carbonyl (C=0), SO2, POR", R" representing an alkyl, aryl. OR, SR, NR2 group with R, 
being identical or different, representing an alkyl or aryl group. 

7. Method according to any of the preceding Claims, characterized by the feet that, in the 
compounds having formula (lA) and (IIA), the ring Z is substituted by at least one of the 
following groups: alkyl, aryl, alkoxycarbonyl or aryloxycarbonyl (-COOR), carboxyl (-COOH), 
acyloxy (-O2CR), carbamoyl (-CONR2), cyano (-CN), alkylcarbonyl, alkylarylcarbonyl, 
arylcarbonyl, arylalkylcarbonyl, phthalunido, maleimido, succinimido, amidino, guanidino, 
hydroxyl (-0H), amino (-NR2), halogen, allyl, epoxy, alkoxy (-OR), S-alkyl, S-aryl, groups 
having a hydrophilic or ionic nature, such as the alkali salts of carboxylic acids, or the alkali salts 
of sulfonic acid, polyalkylene oxide chains (POE, POP), cationic substituents (quaternary 
ammonium salts), R representing an alkyl or aryl group. 

8. Method according to any of tiie preceding Claims, characterized by the fact that, in the 
compounds having formula (lA) and (IIA), the ring Z is substituted by at least one carbon ring or 
heterocycle, optionally aromatic and/or substituted. 
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9. Method according to the preceding Claim, characterized by the fact that, in the 
compounds having formula (lA) and (IIA), the ring Z and its cyclic substituents have two atoms 
in common. 

10. Method according to any of the preceding Claims, characterized by the fact that the ring 
Z is chosen from one of the following rings: 



11. Method according to Claim 1, characterized by the fact that, for the compounds having 
formula (IB) and (IIB), and/or have a n-attracting effect. 
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12. Method according to Claim 11, characterized by the fact that and/or represent a 
carbonyl group or a (hetero)aroinatic group. 

13. Method according to Claim 1, characterized by the fact that, for the compounds having 
formula (IB) and (UB), R^ and/or R^ exercise a S-attracting effect. 

14. Method according to Claim 1 or 1 3 , characterized by the fact that R^ and/or R^ represent 
an alkyl group, substituted by electron-attracting groups. 

1 5. Method according to any of the preceding Claims, characterized by the fact that R' is 
chosen from the groups: 

phenyl = phenyl 
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16. Method according to any of Claims 1 to 10 and 15 to 6 [sic], characterized by the fact 
that the precursor compound having general formula (IIA) is a polymer and that the said polymer 
is obtained by radical polymerization of an ethylenically unsaturated monomer having the 
formula: CXXX=CV-CV%=CH2 during which the said monomer is placed into contact with a 
radical polymerization initiator and a compound having general formula (IIIA) or (IVA): 
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p being between 2 and 10. 

1 7. Method according to the preceding Claim, characterized by the fact that the compound 
having formula (lUA) is chosen from compounds having the following formulas: 
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18. Method according to any of Claims 1 and 1 1 to 16, characterized by the fact that the 
precursor compound having general formula (IIB) is a polymer, and by the fact that the said 
polymer is obtained by radical polymerization of an ethylenically unsaturated monomer having 
the formula CXX'(=CV-CV')b=CH2 during which the said monomer is put into contact with a 
radical polymerization initiator and a compound having general formula (UIB), (IVB) or (VB): 



p being between 2 and 10. 

19. Method according to the previous Claim, characterized by the fact that the compound 
having formula (IIIB) is chosen from compounds having the following formulas: 
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20. Method of preparation of multiblock polymers, characterized by the fact that the 
procedure according to one of Claims 1 to 15 is repeated at least once, using: 

- monomers which are different from the ones used in the previous step, and 

- instead of the precursor compound having formula (IIA) or (IIB), the block polymer obtained 
from the previous procedure is used. 

21. Block polymer that can be obtained by the method according to any of the preceding Claims, 

22. Block polymer according to the preceding Claim, characterized by the fact that it has a 
polydispersity index of at most 2. 

23. Block polymer according to the preceding Claim, characterized by the fact that it has a 
polydispersity index of at most 1.5. 

24. Block polymer according to any of Claims 21 to 23, characterized by the fact that it has 
at least two block polymers chosen from the following combinations: 

- polystyrene/polymethacrylate 

- polystyrene/polyethacrylate 

- polystyrene/poly-tert-butyl acrylate 



77 



wo 99/35177 PCT/FR98/02867 



- polyelhyl acrylate/polyvinyl acetate 

- polybutyl acrylate/polyvinyl acetate 

- poly-tert-butyl acrylate/polyvinyl acetate 

25. Polymer that can be obtained by the method which consists in putting into contact an 
ethylenically unsaturated monomer having the formula: CXX'(=CV-CV')b=CH2, a radical 
polymerization initiator and a compound having formula (lUA), (IIIB), (IVA), (IVB) or (VB). 

26. Polymer according to Claim 25, characterized by the fact that it has a polydispersity 
index of at most 2, 

27. Polymer according to Claim 25 or 26, characterized by the fact that it has a polydispersity 
index of at most 1.5. 

28. Compound having general formula (IIA) or (IIB), characterized by the fact that it has a 
polydispersity index of at most 2. 
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